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ABSTRACT 


This  document  contains  shock  anaiyses^test  data  and  flight  data  from  the  lUS  Program.  The 
analyses  and  data  were  used  to  demonstrate  compliance  with  environmental  requirements. 
The  document  consists  of  3  volumes. 
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1.0  Introduction 


1.1  Purpose 

This  document  presents  analyses  which  demonstrate  that  the  lUS  vehicle,  ASE  and 
components  are  qualified  to  mechanical  shock  environment  requirements. 

1.2  Scope 

Section  2  presents  the  shock  design  requirements  associated  with  the  lUS  launch 
vehicles  (T34D  and  Space  Shuttle),  spacecraft  payloads,  transportation  and  handling 
and  lUS  pyrotechnic  shock  environments.  Section  2  also  describes  the  analysis 
methods  used  in  this  report.  Section  3  contains  the  analyses  which  demonstrate 
qualification  of  the  lUS  vehicle,  the  lUS  ASE  and  lUS  components.  Section  4 
presents  analyses  to  demonstrate  that  the  interface  shock  design  requirements  are 
valid. 


1.3  lUS  Configuration 

Two  basic  lUS  configurations  have  been  developed  during  the  FSD  program  (1)  the 
DOD-STS  2-Stage  and  (2)  the  DOD-T34D  2 -Stage.  These  configurations  are 
described  on  Figures  1.0-1  through  1.0-6.  The  DOD-T34D  configuration  is  launched 
aboard  a  Titan  T34D  vehicle  supported  by  a  Super*Zip  separation  ring  at  the  SRM-1 
aft  attachment  ring.  The  DOD-STS  configuration  is  launched  in  the  STS  space 
shuttle  payload  bay  with  forward  and  aft  supports  as  illustrated  in  Figure  1.0-7.  In 
both  configurations  the  spacecraft  is  attached  at  the  Spacecraft  Interface  Ring  on 
the  forward  end  of  the  equipment  support  section  (ESS). 
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2.0  Shock  Environment  Requirements  and  Analysis  Methods 

2*1  lUS  Vehicle  Shock  Requirements 

2.1.1  T34D  Payload  Fairing  Separation  Shock 

The  shock  environment  at  the  IUS/T3TO  interface  (per  Reference  5.2)  resulting 

from  T34D  payload  fairing  separation  is  described  by  the  shock  spectrum  shown  in 
Figure  2.1.1.-1. 

2.1.2  Orbiter  Induced  Pyrotechnic  Shock 

The  shock  environment  at  the  lUS  ASE/Or biter  interface  (per  Reference  5.1) 
resulting  from  pyrotechnic  events  on  the  orbiter  is  described  by  the  shock  spectrum 
shown  in  Figure  2. 1.2-1.  See  paraoraph  4.4 

2.1.3  Spacecraft  Pyrotechnic  Events  Induced  Shock  Environment 

The  shock  environment  on  the  lUS  vehicle  resulting  from  Spacecraft  pyrotechnic 
events  is  defined  (per  Reference  5.1)  by  the  shock  spectra  shown  in  Figure  2.1. 3-1. 

2.2  Component  Shock  Qualification  Test  (CQT)  Requirements 

2.2.1  Non-Operating  Transportation  and  Handling  Shock 

Per  Reference  5.1,  all  lUS  components  shall  be  designed  to  withstand  a  20  g 
terminal  sawtooth  shock  pulse  of  0.011  second  duration  in  each  direction  of  three 
orthogonal  axes  (6  directions). 

2.2.2  Pyrotechnic  Shock 


Per  Reference  5.3,  all  lUS  components  shall  be  qualified  to  a  shock  environment  6 
dB  greater  than  the  maximum  expected  pyrotechnic  shock  environment  defined  by  a 
shock  spectrum  (Q  =  10)  between  100  Hz  and  10,000  Hz  at  1/6  octave  increments. 

The  lUS  vehicle/ASE  contains  four  pyrotechnic  devices,  (1)  I/II  Staging  Separation 
Nuts,  (2)  Super*Zip  Separation  Joint,  (3)  Pin  Pullers  and  (4)  Safe  and  Arm  Devices. 
Only  two  of  these  devices  create  a  significant  pyrotechnic  shock  for  lUS 
components,  the  separation  nuts  and  the  Super*Zip.  The  Safe  and  Arm  devices  are 
located  on  vibration  isolators,  thus  alleviating  the  S&A  produced  shock  environment. 
The  pin  pullers  are  not  located  in  close  proximity  to  any  component  except  the  ASE 

A  inr  A  ^ 
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The  pyroshock  CQT  requirements  were  determined  primarily  from  two  pyroshock 
development  tests  (References  5.4  and  5.5).  The  pyroshock  CQT  requirements  were 
modified  for  some  components  mounted  on  vibration  isolators.  Pyroshock  CQT 
requirements  for  three  components  were  modified  as  a  result  of  pyroshock 
environment  measured  during  the  QTV  pyroshock  qualification  test  (the  SIU,  SCU 
and  the  RF  Switch).  Pyroshock  CQT  requirements  for  the  lUS  components  are  shown 
on  Figures  2. 2. 2-1  through  2. 2. 2-9.  Table  2.2.2-A  contains  a  list  of  .components 
and  corresponding  pyroshock  CQT  requirement. 

2.3  Analysis  Methods 

The  purpose  of  this  paragraph  is  to  describe  briefly  the  analysis  methods  used  in 
evaluation  and  qualification  of  the  lUS  vehicle  and  components.  A  detailed 
description  with  theoretical  background,  where  applicable,  is  provided  in 

Reference  5.6. 

2.3.1  Shock  Spectrum 

The  shock  spectrum  is  a  method  of  describing  transient  acceleration  (Shock) 
environments  in  the  frequency  domain.  The  shock  spectrum  is  not  a  precise 
description  of  the  shock  environment  (such  as  the  fourier  transform),  which  would 
allow  duplication  of  the  environment.  Rather,  the  shock  spectrum  represents  the 
damage  potential  of  the  environment  on  structural  elements  at  various  frequencies 

(Reference  5.7). 

Reference  5.3,  MIL-STD-1540A,  requires  that  the  pyroshock  environment  be  defined 
by  a  shock  spectrum  using  a  damping  value  of  .05  critical  damping  (Q  -  10) 
between  frequencies  of  100  Hz  and  10,000  Hz  at  1/6  octave  intervals.  Two  systems 
have  been  used  to  produce  shock  spectra  of  lUS  equipment  environments  complying 
with  the  MIL-STD-1540A  requirements,  (1)  the  DDAS  and  (2)  the  Hewlett  Packard 
5451C.  Both  systems  use  a  digital  computer  to  calculate  the  shock  spectrum  but 
differ  in  that  the  DDAS  system  calculates  the  transient  response  time  history  for 
each  frequency  of  the  spectrum  while  the  HP  4541C  uses  a  fast  fourier  transform 
algorithm.  The  shock  spectra  produced  by  the  two  systems  are  essentially  identical. 
Reference  5.6  includes  a  discussion  of  shock  spectra  and  the  differences  between 
the  DDAS  and  HP  5451C  analysis  methods.  Figure  2. 3. 1-1  shows  the  procedure  used 
to  obtain  shock  spectra  using  the  HP  5451C  and  to  create  shock  spectra  data  files 
on  the  VAX  11/780  computer.  Reference  5.6  includes  a  detail  description  of  the 
programs,  HREAD,  FSSREAD  and  SSMERGE. 
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2.3.2  Shock  Spectra  Statistics  Methods 

Reference  5.3,  MIL-STD-1540A,  requires  that  the  maximum  expected  shock 
environment  be  defined  by  the  95th  percentile,  50%  confidence  limits  (P95/50) 
of  the  measured  shock  data.  Calculation  of  the  P95/50  levels  require 
determination  of  the  mean  and  standard  deviation  at  each  frequency  for  all  shock 
spectra  of  applicable  measured  data.  Two  programs  have  been  written  for  use 
with  the  VAX  11/780  computer  and  the  STS  Interactive  Computer  Graphics  facility 
for  calculating  the  mean,  envelope  and  P95/50  levels  for  any  number  of  shock 
spectra.  One  program  is  based  on  the  assumption  that  test  data  is  normally 
distributed.  The  second  program  is  based  on  the  assumption  that  the  test  data 
fits  a  log-normal  distribution.  All  P95/50  levels  derived  for  the  IDS  shock 
environments  are  based  on  a  log-normal  distribution.  A  detailed  description  of 
these  programs  as  well  as  a  discussion  of  log-normal  vs.  normal  distribution  fit 
of  test  data  is  included  in  Reference  5.6. 

2.3.3  Pyroshock  Environment  Prediction  Methods 

2. 3. 3.1  NASA  Pyroshock  Predictor 

Pyroshock  source  and  attentuation  characteristics  defined  in  Reference  5.8  were 
used  to  supplement  test  data  for  prediction  of  pyroshock  environments. 

2. 3. 3. 2  Pyroshock  Attenuation  Across  Stage  I  Motor 

A  significant  consideration  in  showing  qualification  of  the  lUS  vehicle  and 
components  for  pyroshock  environments  is  the  attenuation  of  high  frequency  shock 
across  the  Stage  I  motor.  Data  was  measured  during  the  IUS/T34D  Separation 
Subsystem  Test  (Reference  5.10)  showing  the  attenuation  of  pyroshock  between  the 
aft  skirt  and  1/2  the  distance  across  the  Stage  I  motor.  The  transverse  axis 
attenuation  ,  indicated  by  a  comparison  of  radial  axis  measurements,  is  roughly 
constant  across  the  entire  frequency  range  between  100  and  10,000  Hz  at  20  dB  or 
greater.  The  axial  axis  attenuation  is  dependent  upon  frequency  with  a  minimum 
of  7.0  dB  attenuation  between  3000  and  3500  Hz.  A  plot  of  the  pyroshock  attenuation 
vs.  frequency  for  1/2  the  distance  across  the  Stage  I  motor  is  shown  in  Figure 
2. 3. 3. 2-1. 

2.3. 3.3  ESS  Pyroshock  Attenuation 

A  series  of  programs  were  written  for  use  with  the  VAX  11/780  computer  Interactive 
Graphics  for  the  purpose  of  using  the  QTV  shock  test  data  to  calculate  shock 
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attenuation  spectra  and  predicting  component  shock  levels  due  to  a  shock  at  the 
spacecraft  interface.  The  program  names  and  a  flow  diagram  of  their  use  is 
shown  in  Figure  2. 3. 3. 3-1.  A  detailed  description  of  these  programs  is 
contained  in  Reference  5.6. 

2. 3. 3.4  Transfer  Function  Calculation 

The  vibration  transfer  function  across  vibration/shock  isolators  is  calculated 
using  vibration  PSD  data  measured  on  both  sides  of  isolators.  A  program 
written  for  use  with  the  VAX  11/780  computer  and  the  STS  Interactive  Computer 
Graphics  facility  is  used  to  calculate  the  transfer  function  (Figure  2. 3. 4-1). 
The  transfer  function  (T^)  consists  of  a  plot  vs.  frequency  (f)  of  the 
solution  of  the  following  ratio: 

j  fpSOf  (Responsell 

'f  |PSD^  (Input)  J 


The  vibration  transfer  function  was  used  to  evaluate  shock  attenuation 
characteristics  of  isolators  for  which  no  shock  data  was  available  (Till). 
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Shock  Environment  Qualification  Anaiyses 

3.1 

IDS  Vehicle  Qualification 

3.1.1 

Payload  Fairing  Separation  Shock 

A 

3.1. 1.1 

T34D  Configuration 

R 

The  T34D  payload  separation  shock  environment  requirement  at  the  lUS  interface  Is 
defined  by  Figure  2.1 .1-1.  Reference  5.9  contains  test  results  showing  that  this 
requirement  is  exceeded  between  280  Hz  and  670  Hz  as  shown  in  Figure  3.1 .1-1.  The 
Payload  Fairing  Separation  Shock  environment  is  significant  only  for  components  located 
aft  of  the  Stage  I  motor  (see  Section  2.3.3.2).  Only  two  components  are  located  aft  of  the 
Stage  I  motor,  the  separation  connector  and  the  pyro-connector.  Figures  3.1 .1-2  and 
3.1 .1-3  are  comparisons  of  the  pyroshock  COT  requirements  for  these  components  with 
the  measured  payioad  fairing  separation  shock  environment.  These  comparisons  show  a 
greater  than  6  dB  margin  between  environment  and  CQT  requirement  with  one  exception, 

2.7  dB  at  400  Hz  for  the  pyro-connector.  However,  the  pyro-connector  is  qualified  with 
a  6  dB  margin  over  the  Prime  Item  Specification  requirement  criteria  for  payload  fairing 
separation  (Figure  2.1. 1-1).  Thus,  the  T34D  configuration  lUS  vehicle  is  qualified  for 
the  Reference  5.2  specified  payload  fairing  separation  shock  environment. 

3.1 .1.2  TITAN  4  Configuration 

An  evaluation  of  the  TITAN  4  payload  fairing  separation  shock  is  provided  in  reference  A 
5.22.  The  evaluation  shows  that  the  IDS  is  compatible  with  the  TITAN  4  induced  shock.  A 
copy  of  reference  5.22  is  presented  in  Voiume  3. 

3.1.2  Super*Zip  Separation  Shock 

3.1 .2.1  T34D  Configuration 

The  IDS  vehicle  is  separated  from  the  T34D  booster  with  a  Super*Zip  separation  joint 
attached  to  the  Stage  I  motor  aft  skirt.  The  three  separation  connectors  and  the  pyro- 
connector  have  demonstrated  satisfactory  separation  during  the  Super*Zip  shock  event  as 
documented  in  the  Reference  5.10  pyroshock/separation  test.  The  nearest  components  to 
the  Super*Zip  which  must  function  after  separation  are  the  Stage  i  FTS  components  located 
on  the  Stage  I  motor  case  (the  TIU,  two  destruct  batteries  and  the  Safe  and  Arm  Device). 

Figure  3.1 .2.1-1  shows  the  shock  environment  measured  on  the  motor  case 
representative  of  the  input  shock  environment  to  the  Stage  I  FTS  system  support 
structure.  As  indicated  in  Reference  5.8,  the  mass  loading  flexibility  and  structurai 
dispersion  effects  of  the  FTS  support  structure  will  reduce  the  Figure  3.1 .2.1-1  shock 
environment.  An  estimate  of  the  shock  environment  experienced  by  the  FTS  components  is 
shown  in  Figure  3.1 .2.1 -2,  considering  conservatively  only  the  structural  dispersion. 

Figure  3.1 .2.1 -3  compares  the  pyroshock  CQT  requirements  for  the  FTS  components  with 
the  Super*Zip  separation  shock  environment  showing  a  greater  than  6  dB  margin.  Thus, 
based  on  the  component  qualification  testing  and  the  Reference  5.10  separation  subsystem 
qualification  test  the  T34D  configuration  lUS  vehicle  is  qualified  for  the  Super*Zip 
separation  shock  environment. 
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3. 1.2.1 


T34D  Configuration  (cont.) 


Reference  5.23  contains  TITAN  T34D/iUS  Super*Zip  separation  shock  data  fronfi  tests 
conducted  in  1978.  Although  the  reference  5.23  data  are  from  the  IDS  DTV  (Development  A 
Test  Vehicle),  the  data  provide  information  reiative  to  shock  dissipation  through  the 
structure.  A  summary  of  the  data  contained  in  reference  5.23  is  presented  in  Volume  3. 

3. 1.2.2  STS  Configuration 

The  STS  Configuration  I  US  vehicle  configuration  is  equivalent  to  the  T34D  configuration 
from  the  Stage  I  motor  aft  except  the  STS  configuration  has  no  FTS  system,  or  separation 
connectors.  In  addition,  the  STS  configuration  has  one  equipment  item  not  located  on  the 
T34D  configuration;  a  separation  switch,  used  to  indicate  successful  separation.  As  shown 
in  paragraph  3.3.2  the  separation  switch  is  qualified  with  a  6  dB  margin  for  the 
Super*Zip  pyroshock  environment,  in  all  other  respects  the  T34D  configuration 
qualification  rationale  demonstrates  the  STS  configuration  adequacy.  Successful 
performance  of  the  STS  Super*Zip  separation  was  demonstrated  during  the  ASE  Super*Zip 
separation  test  (see  paragraph  3.2.2). 

3.1.3  Safe  and  Arm  Device  Shock 

Each  solid  rocket  motor  is  ignited  through  a  pair  of  motor  ignition  Safe  and  Arm  Devices. 

The  SRM-1  motor  S&A's  are  located  on  the  interstage.  The  SRM-2  motor  S&A's  are  located 
on  a  bracket  mounted  on  the  ESS  skin  near  the  S/C  interface  joint.  The  T34D  configuration 
includes  two  additional  S&A's  for  the  FTS.  Shock  produced  by  these  FTS  S&A's  is 
irrelevant  since  the  vehicie  is  destroyed  should  these  S&A's  be  fired.  Both  pairs  of  motor 
ignition  S&A's  are  mounted  on  vibration  isolators. 

During  the  QTV  pyroshock  testing  (see  Reference  5.1 1  report)  the  SRM-2  ignition  S&A's 
were  fired  and  shock  environments  measured.  Figure  3.1 .3-1  is  the  source  shock 
measured  on  the  S&A.  Figure  3.1 .3-2  is  the  shock  measured  on  the  S&A  support  structure 
(after  transmission  through  the  vibration  isolators). 

The  equipment  items  closest  to  the  Safe  and  Arm  Devices  on  the  interstage  are  the  Avionics 
Batteries.  The  components  closest  to  the  Safe  and  Arm  in  the  ESS  are  the  REM,  and  the 
Antennas.  All  of  the  components  are  tested  to  the  4000  g  pyroshock  CQT  requirement 
(shown  compared  with  the  S&A  environment  on  Figure  3.1 .3-2).  This  comparison  shows 
that  the  component  CQT  requirements  provide  more  than  a  6  dB  margin  over  the  Safe  and 
Arm  firing  environment.  Thus  the  lUS  vehicle  (both  configurations)  is  qualified  for  the 
Safe  and  Arm  firing  pyroshock  environment. 

3.1.4  l/il  Staging  Explosive  Nut  Shock 

Stage  I/Stage  II  separation  of  the  lUS  vehicle  is  accompiished  by  expiosive  nuts  at  eight 
locations.  To  provide  high  reliability  separation,  two  explosive  nuts  are  used  at  each 
location  (a  single  stud  with  a  nut  on  both  sides  of  the  interface,  illustrated  on  Figure 
3.1. 4-1).  The  separation  sequence  initiates  the  eight  aft  nuts  followed  40  milliseconds 
later  by  initiation  of  the  forward  eight  nuts.  Thus,  Stage  I/Stage  II  separation  produces 
two  pyrotechnic  shock  events  separated  by  40  miiiiseconds. 
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3.1.4 


I/ll  Staging  Explosive  Nut  Shock  (cont'd) 


A  I/ll  Staging  Pyroshock/Separation  test  was  conducted  on  the  lUS-QTV  (Reference  5.11). 

The  shock  environment  produced  by  the  explosive  nuts  was  measured  at  two  locations 
approximately  four  inches  from  the  forward  nut  (Acc.  Loc.  1  on  the  292.5®  longeron  and 
Acc.  Loc.  70  on  the  67.5°  longeron).  Figures  3.1. 4-2  through  3.1. 4-8  show  the  source 
shock  on  the  292.5°  longeron.  Figures  3. 1.4-9  through  3.1.4-15  show  the  source  shock 
on  the  67.5°  longeron. 

Two  additional  pyroshock  separation  tests  of  the  l/li  staging  event  were  conducted  to 
provide  an  improved  statisticai  base  for  measurement  of  the  S/C  interface  shock 
environment,  Reference  5.16.  A  copy  of  Reference  5.16  is  in  Volume  3.  Reference  5.16  R 
also  contains  an  evaluation  of  shock  reduction  techniques. 

The  iUS  vehicle  is  quaiified  for  the  l/li  Staging  shock  by  pyroshock  CQT  testing  conducted 
on  individual  components.  Component  shock  environments  were  measured  during  the  iUS- 
QTV  pyroshock/separation  test.  The  Reference  5.1 1  contains  an  evaiuation  of  this  data 
showing  that  the  component  pyroshock  CQT  testing  covers,  with  the  MIL-STD-1540 
required  margin,  the  l/li  staging  pyroshock  environment  for  all  components  except  the  RF 
Switch  and  the  ESS  TiU.  The  TIL),  unique  to  the  T34D  configuration  ESS,  was  not  included 
in  the  QTV.  The  RF  Switch  was  retested  to  increased  CQT  requirements  (Figure  2.2.2-4). 

The  TIU  was  tested  to  the  Figure  2.2. 2-2  pyroshock  CQT  requirement  successfully. 
Analyses  showing  adequacy  of  the  Pyroshock  CQT  requirements  for  the  TIU  and  the  revised 
requirements  for  the  RF  Switch  are  shown  in  paragraph  3.3.2. 

In  1984  testing  was  conducted  to  determine  the  effect  of  simultaneous  separation  nut 
firing.  Pyrotechnic  shock  measurements  obtained  during  the  test  showed  that  the  shock 
spectra  were  not  significantly  changed.  The  data  are  presented  in  reference  5.24.  A  copy 
of  reference  5.24  is  presented  in  Volume  3. 

The  separation  nuts  were  modified  by  removing  a  retainer  ring.  Pyrotechnic  shock 
measurements  on  nuts  with  and  without  the  retainer  ring  were  obtained.  Shock  spectra 
from  these  measurements  show  that  the  shock  induced  by  the  nut  firing  is  not  significantly 
changed  by  the  modification.  Reference  5.25  contains  the  shock  data.  An  edited  copy  of 
reference  5.25  is  presented  in  Volume  3. 

3.1 .5  Spacecraft  Induced  Pyroshock  Environment 

3.1 .5.1  Analysis 

The  IUS  vehicle  must  demonstrate  with  a  6  dB  margin  a  capability  to  experience  S/C 
induced  pyroshock  events,  as  defined  in  paragraph  2.1.3.  The  IUS  program  development 
plan  required  demonstration  of  this  capability  by  analysis,  since  test  data  relating  IUS 
component  environments  due  to  spacecraft  induced  pyroshock  events  is  usually  not 
available.  An  analytical  method  of  predicting  component  environments  using  data 
measured  during  the  IUS  QTV  I/ll  staging  pyroshock  test  has  been  developed.  This  method 
consisted  of  developing  a  transfer  function  between  the  S/C  interface  and  components  by 
combining  individual  transfer  function  between  S/C  interface  separation  nut  source  and 
components.  The  QTV  shock  data  was  placed  in  the  STS  interactive  graphics  VAX  1 1/780 
computer  to  facilitate  the  large  amount  of  calculation  required.  Figure  2.3.3.3-1  is  a  flow 
diagram  illustrating  this  calculation  process  in  the  computer.  The  results  of  these 
calculations  and  the  evaluation  of  IUS  equipment  compatibility  with  spacecraft  generated 
shock  as  defined  in  paragraph  2.1 .3  are  presented  in  Appendix  C. 
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3. 1.5.1  Analysis  (cont'd) 

Separate  analyses  have  been  conducted  for  individual  payloads  as  shown  In  the  following; 


Appendix  B  -  DSCS 
Appendix  A  ■  TORS 
Appendix  D  -  DSP 

Conclusions  and  recommendations  relative  to  each  spacecraft  shock  analysis  are  contained 
in  the  appropriate  appendix. 

3. 1.5.2  Test 

Shock  measurements  due  to  DSP  14  spacecraft  induced  pyrotechnic  shock  were  obtained  on 
the  iUS.  The  shock  was  caused  by  activation  of  the  DSP  separation  devices.  Both  test  and 
analyses  were  required  to  show  that  IDS  components  are  compatible  with  the  DSP  induced 
shock.  Reference  5.26  contains  the  test  and  analysis  results.  A  copy  of  reference  5.26  is 
in  Volume  3. 

3.1.6  Umbilical  Release  Pin  Puller  Shock 

Accelerometer  measurements  on  the  simulated  IUS  vehicle  were  recorded  during  the  ASE 
functional  test  umbilical  release,  Reference  5.27.  These  data  are  shown  on  Figures  3.1.6- 
1  through  3.1 .6-6.  The  complete  set  of  data  is  presented  in  Reference  5.28.  A  copy  of  R 

Reference  5.28  is  in  Volume  3.  These  measurements  are  representative  of  the 
environment  experienced  at  the  IUS  trunnion  ring  umbilical  clamp  point.  The  only  item  of 
equipment  located  closer  to  this  point  than  to  a  Stage  I/ll  separation  nut  is  the  REM  (N37). 

As  shown  in  Figure  3.1. 6-7  the  REM  CQT  requirements  far  exceed  the  umbilical  pin 
puller  shock  environment  even  if  no  shock  attenuation  were  experienced.  A  comparison  of 
the  umbilical  pin  puller  shock  with  the  separation  nut  shock  is  shown  in  Figure  3.1 .6-8. 

All  IUS  equipment  has  demonstrated  a  capability  for  the  separation  nut  shock  (paragraph 
3.3.2),  which  is  much  more  severe  than  the  umbilloal  pin  puller  shock.  Thus,  it  is 
concluded  that  all  IUS  equipment  items  are  satisfactorily  qualified  for  the  environment 
resulting  from  umbilical  release  pin  puller  shock. 
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3.2 


ASE  Qualification 


The  ASE,  is  iocated  in  three  areas  of  the  STS  Orbiter:  (1)  the  Aft  Flight  deck  of  the  crew 
compartment;(2)  Fwd  ASE  in  the  payioad  bay  and  (3)  Aft  ASE  in  the  payload  bay.  Only  the 
Aft  ASE  in  the  payload  bay  will  experience  a  pyroshock  environment.  Two  events  produce  ^ 
significant  pyroshock  environments  on  the  aft  ASE;  AFTA  pin  puller  operation  and 
Super*Zip  separation  joint  activation. 

3.2.1  Pin  Puller  Shock 

After  STS  Orbiter  boost  and  in  preparation  for  launch  the  IDS  is  titied  up  from  a 
horizontal  payload  bay  to  a  position  58®  from  horizontal.  This  event  is  accomplished  with 
the  Aft  Frame  Tilt  Actuator  (AFTA)  attached  to  a  slip  ring  on  the  aft  ASE.  A  pin  puller  is 
used  for  the  AFTA  to  slip  ring  attachment  to  ailow  reiease  of  the  AFTA  in  the  event  of  a  hang 
up.  in  this  case,  the  iUS  wouid  then  be  rotated  into  position  by  a  backup  AFTA. 

During  the  ASE  functionai  test  (Reference  5.27)  the  AFTA  pin  puller  was  fired  four  (4) 
times.  Three  (3)  pin  puller  firings  were  made  with  no  load  applied  by  the  AFTA.  A  fourth 
firing  was  conducted  with  an  83  pound  ioad  applied  by  the  AFTA.  Accelerometer 
measurements  of  the  pyroshock  environment  resulting  from  pin  puller  activation  were 
obtained  on  the  AFTA  and  adjacent  components.  The  shock  spectra  from  the  measurements  R 
are  presented  in  Reference  5.28.  A  copy  of  Reference  5.28  is  in  Volume  3.  These  data  are 
used  in  paragraph  3.3.2  to  show  that  the  ASE  is  qualified  for  the  pin  puller  pyroshock 
environment  by  COT  testing  conducted  on  individuai  components. 

3.2.2  Super*Zip  Shock 

During  an  STS  boost  the  iUS  vehicle  is  separated  from  the  orbiter/ASE  with  a  Super*Zip 
separation  joint  attached  to  the  Stage  I  motor  aft  skirt.  A  pyroshock/separation  test  was 
conducted  on  the  ASE  (Reference  5.17).  Shock  environments  were  measured  on  the  ASE 
components  and  the  Stage  I  motor  aft  skirt.  These  data  are  used  in  paragraph  3.3.2  to  show 
IUS  vehicle  and  ASE  qualification  by  pyroshock  COT  testing  conducted  on  individual 
components. 

The  Super*Zip  separation  system  includes  a  second  redundant  ordnance  train  capable  of 
separating  the  interface  should  the  primary  system  faii.  During  the  ASE  pyroshock 
quaiification  test  this  redundant  Super*Zip  ordnance  was  detonated  and  component  shock 
environments  measured.  As  shown  in  reference  5.17  the  redundant  Super*Zip  shock, 
although  significant,  was  less  severe  than  the  primary  Super*Zip  shock  environment. 
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3.3  IDS  Component  Qualification 

3.3.1  Transportation  and  Handling  Shock 

Component  qualification  for  the  transportation  and  handling  shock  requirement 
(paragraph  2.2.1)  is  demonstrated  by  analysis  or  test  as  specified  in  the  individual 
component  Cl  specification  or  envelope  drawing.  The  analysis  showing  qualification  for  the 
transportation  and  handling  shock  requirement  is  documented  in  the  individual  component 
qualification  test  reports. 

3.3.2  lUS  Generated  Pyroshock  Environments 

Three  lUS  system  events  produce  a  significant  pyroshock  for  lUS  components;  (1) 
Super*Zip  separation,  (2)  pin  pullers  and  (3)  explosive  nut  I/ll  Stage  separation.  Table 
3.3.2-A  contains  a  list  of  all  I  US  system  components  and  indicates  the  method  and 
reference  showing  qualification  adequacy. 

Reference  5.11  contains  test  data  measured  during  the  lUS-QTV  pyroshock/separation  test 
showing  that  all  CQT  pyroshock  testing  covers  with  a  6  dB  margin  the  explosive  nut 
separation  shock  environment  except  for  the  RF  Switch,  the  TIU  and  the  SCU  and  WBDI 
code  plugs  (these  items  are  discussed  in  the  following  paragraphs).  Certain  items  within 
the  QTV  were  not  instrumented  but  as  shown  in  Table  3.3.2-B  are  covered  by 
measurements  on  representative  components  or  structure.  Comparisons  of  the  component 
CQT  requirements  with  the  environments  measured  during  the  QTV  I/ll  staging  pyroshock 
tests  are  shown  in  Vol.  II  of  this  document. 

Reference  5.17  contains  test  data  measured  during  the  ASE  Super*Zip  pyroshock 
separation  test  showing  that  all  component  CQT  pyroshock  testing  covers  with  at  least  a  6 
dB  margin  the  ASE  Super*Zip  separation  shock  environment. 

Comparisons  of  the  component  CQT  requirements  with  the  environments  measured  during 
the  ASE  Super*Zip  pyroshock  tests  are  shown  in  Reference  5.17.  Reference  5.15  contains 
data  showing  that  T34D/IUS  separation  subsystem  is  qualified  for  the  T34D  Super*Zip 
separation  shock  environment. 

ASE  pin  puller  shock  environments  on  components  near  the  source  were  measured  during 
the  ASE  functional  test.  These  data  including  a  comparison  of  the  adjacent  component  CQT 
requirements  with  the  pin  puller  shock  environment  are  shown  in  Reference  5.28.  A  copy 
of  Reference  5.28  is  in  Volume  3. 
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3. 3. 2.1  RF  Switch  Pyroshock  CQT  Requirement 

Figures  3. 3.2. 1-1  through  3.3.2.1-18  show  shock  spectra  of  shock  measured  at 
the  RF  Switch  attachment  structure  during  the  three  lUS-QTV  explosive  nut 
I/II  Staging  pyroshock  separation  tests.  The  mean  and  envelope  spectra  for 
each  axis  are  shown  in  Figures  3.3.2.1-19  through  3.3.2.1-21.  Figures 
3.3.2.1-22  through  3.3.2.1-24  are  a  comparison  of  the  revised  pyroshock 
CQT  requirements  with  the  I/II  Staging  P95/50  shock  environment.  The  RF  Switch 
has  successfully  passed  the  requalification  to  the  revised  pyroshock  CQT 
requirements  as  documented  in  Reference  5.12. 

3. 3. 2.2  ESS  TIU  Pyroshock  CQT  Requirement 

The  ESS  TIU  is  located  at  approximately  45°  on  the  T34D  configuration  ESS 
deck.  The  TIU  is  mounted  on  Vibration  Isolators. 

During  the  lUS-QTV  explosive  nut  pyroshock/separation  tests  (Reference  5.11)  a 
utility  battery  was  located  on  the  deck  in  the  position  that  the  TIU  occupies 
in  the  T34D  configuration.  Shock  response  in  the  axial  axis  was  measured  on  the 
structure  near  the  battery  attachment  location.  Figure  3. 3. 2. 2-1  is  an  envelope 
of  these  measurements  from  all  three  pyroshock/separation  tests. 

The  TIU  vibration  isolators  dynamic  characteristics  were  measured  during  the  IUS-2 
(T34D  Configuration)  acoustic  acceptance  test.  Reference  5.13.  Figures  3. 3. 2. 2-2 
through  3. 3. 2. 2-4  are  vibration  transfer  functions  for  the  TIU  installation.  The 
transfer  functions  were  calculated  using  the  program  described  in  paragraph  2.3.4 
from  vibration  PSD  measurements  on  both  sides  of  the  vibration  isolators. 

Estimates  of  the  TIU  pyroshock  environment  resulting  from  I/II  Staging  explosive 
nut  initiation  are  based  on  data  measured  on  the  vibration  isolated  PDU  during  the 
lUS-QTV  pyroshock  test  (Reference  5.11).  Figure  3. 3. 2. 2-5  compares  the  axial 
shock  input  at  the  PDU  attachment  with  the  axial  axis  measurement  of  shock 
measured  on  the  battery  support  structure  at  the  TIU  location.  This  comparison 
shows  that  the  shock  environment  input  to  the  PDU  was  more  severe  than  that  at 
the  TIU  location. 

Figures  3. 3. 2. 2-6  and  3. 3. 2. 2-7  are  transfer  function  plots  (based  on  Reference  5.14) 

of  the  PDU  installation  showing  first  mode  frequencies  and  attenuation  characteristics 

similar  to  the  TIU.  It  is  assumed  that  the  PDU  environment  represents  a  conservative 

estimate  of  TIU  shock  since  the  PDU  input  shock  levels  are  more  severe  and  the 
» 
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dynamic  characteristics  are  similar.  The  shock  input  and  response  shock 
spectra  measured  on  the  PDU  installation  in  the  axial  and  radial  axes  are  shown 
on  Figures  3. 3. 2. 2-8  and  3. 3. 2. 2-9.  (No  input  shock  was  measured  in  the 
tangential  axis).  Shock  spectra  of  the  tangential  axis  response  is  shown  in 
Figure  3,3.2.2-10.  No  input  shock  was  measured  in  the  tangential  axis. 

Figure  3.3.2.2-11  compares  an  envelope  of  all  PDU  response  shock  spectra  with 
the  TIU  pyroshock  CQT  requirements.  This  comparisons  show  a  greater  than  6  dB 
margin.  Therefore,  the  TIU  CQT  requirements  are  adequate  to  qualify  the  TIU 
for  the  I/II  Staging  explosive  nut  shock  environment. 

3. 3. 2. 3  Code  Plug,  SCU  and  Code  Plug,  WBDI 

The  SCU  and  WBDI  code  plugs  are  connectors  with  jump  wires  between  specific 
pins.  The  code  plugs  are  not  used  during  component  level  CQT  testing  since 
the  component  must  interface  with  the  STE.  Since  the  code  plug  contains  no 
electronics  it  is  reasonable  to  demonstrate  qualification  in  the  same  fashion 
as  the  vehicle  and  ASE  wiring  at  the  system  level.  Both  the  SCU  and  WBDI 
code  plugs  were  installed  during  system  level  pyroshock  testing. 

3. 3.2.4  Separation  Nuts 

During  the  QTV  pyroshock  separation  tests,  24  separation  nuts  (8  nuts  X  3 
separations)  functioned  satisfactorily  after  experiencing  the  shock  created 
by  separation  of  the  aft  nut  from  the  same  stud.  This  shock  is  significantly 
greater  than  the  shock  the  nuts  will  experience  if  the  redundant  performance 
is  required,  i.e.  the  shock  created  by  explosive  nuts  on  adjacent  longerons 
if  the  aft  nut  does  not  separate. 
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4.0  Shock  Environment  Interface  Analyses 

4.1  T34D/IUS  Separation  Shock  Environment  on  the  T34D 

Per  Reference  5.2,  the  maximum  shock  allowable  at  the  T34D/IUS  interface  resulting 
from  T34D/IUS  separation  is  defined  by  the  Figure  4.1-1  shock  spectrum.  Shock  data  was 
measured  at  the  interface  during  the  T34D/IUS  separation  subsystem 
pyroshock/separation  qualification  test  (Reference  5.15).  Figure  4.1-2  compares  an 
envelope  of  shock  spectra  of  measurements  recorded  at  the  T34D/IUS  interface  during  the 
Reference  5.15  test  with  the  Reference  5.2  allowable.  This  comparison  shows  that  the 
T34D/IUS  separation  shock  environment  is  within  the  allowable  limits  at  the  T34D/IUS 
interface.  Thus  the  requirement  of  Figure  8B  Paragraph  3.2.5.4.5  of  Reference  5.2  is  A 

satisfied.  These  data  are  applicable  to  the  T34D  and  TITAN  4. 

4 . 2  lUS/ASE  Shock  on  the  STS  Orbiter 

4.2.1  AFTA  Pin  puller  Shock 

Figures  4.2.1 -1  through  4.2.1 -6  are  comparisons  of  the  AFTA  pin  puller  shock  measured 
at  the  ASE/Orbiter  interface  with  the  Orbiter  ICD  (Reference  5.19)  allowable  limit  shock. 

These  comparisons  show  that  the  AFTA  pin  puller  shock  is  within  the  required  limit.  See 
paragraph  4.4. 

4.2.2  Super*Zip  Shock 

Figures  4.2.2-1  through  4.2.2-6  are  comparisons  of  the  super*zip  shock  measured  at  the 
ASE/Orbiter  interface  with  the  Orbiter  ICD  (Reference  5.19)  allowable  limit  shock. 

These  comparisons  show  that  the  super*zip  shock  is  within  the  required  limit.  See 
paragraph  4.4. 


4.3  lUS/Spacecraft  Interface  Shock  Environment  on  the  Spacecraft 

Per  Reference  5.1,  the  maximum  shock  allowable  at  the  S/C  interface  resulting  from  lUS 
shock  events  is  defined  by  the  Figure  4.3-1  shock  spectrum.  The  lUS  vehicle  contains 
three  pyrotechnic  devices,  (1)  Super*Zip  Separation  Joint  (2)  Safe  and  Arm  Devices  and 
(3)  the  I/ll  Staging  Separation  Nuts. 

The  Super*Zip  separation  joint  is  used  to  separate  the  iUS  vehicle  from  the  STS  ASE  or  the 
TITAN  booster.  Shock  produced  by  the  Super*Zip  separation  will  be  attenuated  to  an 
insignificant  level  at  the  S/C  interface  by  transmission  across  the  Stage  I  motor,  up  the 
interstage  and  through  the  ESS  structure.  The  shock  level  only  1/2  the  distance  across  the 
Stage  I  motor  is  well  below  the  S/C  interface  allowable  shock  as  shown  on  the  Figure  4.3- 
2  comparison. 
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The  ESS  Safe  and  Arm  is  located  near  the  S/C  interface  joint.  The  shock  environment  R 

produced  by  the  Safe  and  Arm  Device  is  attenuated  significantiy  by  the  Safe  and  Arm 
vibration  isolation  support  structure.  Figure  4.3-3  compares  the  Safe  and  Arm  shock 
environment  on  support  structure  with  the  S/C  interface  aiiowable  shock.  The 
comparison  shows  the  S&A  induced  environment  is  less  than  the  S/C  allowable. 

The  I/ll  Staging  expiosive  nuts  produce  the  most  significant  shock  environment  at  the  S/C 
interface.  Three  pyroshock/separation  tests  were  conducted  on  the  lUS-QTV  (Reference 
5.11,  test  report).  Triaxiai  acceierometers  were  located  at  all  eight  S/C  interface 
attachment  locations.  No  S/C  simulator  was  included  in  the  test,  i.e.,  the  interface  was 
free.  Reference  5.11  contains  a  discussion  of  this  test  and  a  statisticai  evaiuation  of  the 
S/C  interface  shock  environment.  The  statisticai  evaluation  was  conducted  using  the 
program  described  in  paragraph  2.3.2.  Figures  4.3-4  through  4.3-6  show  a  comparison 
of  the  mean  and  P95/50  leveis  of  the  S/C  interface  environment  measured  during  the 
Reference  5.1 1  test  with  the  S/C  allowable  shock  environment.  These  comparisons  show 
that  the  I/ll  Staging  expiosive  nut  shock  is  less  than  the  S/C  maximum  ailwabie  shock. 

Shown  in  the  above  paragraphs  all  lUS  shock  events  produce  a  shock  environment  at  the 
S/C  interface  iess  than  the  Maximum  Allowable.  Thus,  the  requirement  of  paragraph 
3.2.5.5.2  of  Reference  5.1  is  satisfied. 

4.4  Revised  Shock  environment,  ASE/Orbiter 

Interface  Revision  Notice  286  to  ICD  2-19001  defines  revised  shock  environments 
between  ASE  and  the  Orbiter,  reference  5.20.  An  analysis  was  conducted  to  evaiuate 
compatibiiity  between  ASE  and  Orbiter  in  the  revised  environments,  reference  5.21.  The 
anaiysis  shows  that  the  ASE  and  Orbiter  are  compatibie.  The  analysis  is  presented  in 
Appendix  E. 
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Flight  Data 


Shock  data  have  been  obtained  during  launch  and  flight  of  the  lUS.  An  analysis  of  shock  data  A 
from  the  TITAN/IUS  and  STS/I  US  flights  is  presented  in  Reference  5.29. 
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Table  2.2.2-A 

PYROSHOCK  CQT  REQUIREMENTS 


Component 

Pyroshock 
CQT  Requirement 

Avionics  Battery 

Figure  2. 2. 2-1 

AFTA 

Figure  2. 2. 2-1 

ASE  DC/DC  Converter 

Figure  2. 2. 2-1 

AFTA  Controller 

Figure  2. 2. 2-1 

Computer 

Figure  2. 2. 2-3 

ESS  DC/DC  Converter 

Figure  2. 2. 2-1 

DC  Block 

Figure  2. 2. 2-1 

Destruct  Battery 

Figure  2. 2. 2-1 

EMU 

Figure  2.2.2- 1 

Separation  Connector 

Figure  2. 2.2-8 

IDA 

Figure  2. 2. 2-1 

Medium  Gain  Antenna 

Figure  2.2.2- 1 

Omni  Antenna 

Figure  2. 2. 2-1 

PCU 

Figure  2. 2. 2-2 

PDU 

Figure  2. 2. 2-2 

PSU 

Figure  2.2.2- 1 

PTU 

Figure  2.2.2- 1 

20  Watt  Power  Amplifier 

Figure  2.2.2- 1 

Pyro  Connector 

Figure  2. 2. 2-9 

RCS  Tank 

Figure  2.2.2- 1 

REM 

Figure  2.2.2- 1 

RF  Switch 

Figure  2. 2. 2-4 

RIMU 

Figure  2.2.2- 1 

Safe  and  Arm  Device 

Figure  2. 2.2-2 

SCU 

Figure  2. 2. 2-7 

Separation  Switch 

Figure  2. 2. 2-5 

SGLS  Transponder 

Figure  2.2.2- 1 

SIU 

Figure  2. 2. 2-6 

TIU 

Figure  2. 2. 2-2 

TVC  Actuator 

Figure  2.2.2- 1 

TVC  Potentiometer 

Figure  2. 2. 2-1 

TVC  Controller 

Figure  2.2.2- 1 

Utility  Battery 

Figure  2. 2. 2-1 

WBDI 

Figure  2. 2. 2-2 

Pin  Puller 

Figure  2.2.2- 1 
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per  Table  3.3.2-B. 

No  significant  Pyroshock  environment  exists. 

Analysis  Per  Ref(  ). 

Qualification  by  three  firings  of  explosive  nuts  per  MIL-STD-1540  Paragraph  6. 2. 5. 3 
Qualification  for  Pyroshock  Per  MIL-STD-1540A  is  optional. 
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26 

D290-75303-2  Vol.  I 
A 


HP 


THE  £^£FJEjrAf£J  COMPANY 


THE 


COMPANY 


STAGE-2 

EQUIPMENT  SUPPORT  SECTION 


--  lUSSTA  379.0 
I  SPACECRAFT  INTERFACE 


lUS  STA  •  350.0 
INTERSTAGE  SEPARATION 


TVC  ACTUATOR  (TWO  PLACESI 
NS3  SRM.2  nozzle 
lUS  STA  302.0 


♦X 


lUS  STA  379.0 


lUS  STA  350J> 
lUS  STA  347.4 


INTERSTAGE  SECTION 
BETWEEN  STA  350.0 
AND  STA  279J) 


lUS  STA  279.0 


lUS  STA  244.0 

IUS/T340  INTERFACE 
lUS  STA  2314 

TITAN  340  ADAPTER  (REF) 

TVC  ACTUATOR  (2  PLACES) 

TVC  POTENTIOMETER 
(2  PLACES) 

lUS  STA  1824 


STAGE-1 


lUS  SIDE  VIEW  PROJECTION 
FACING  AXIS  +Y/-Y  (AT  0®) 


Figure  1.0-4  DOD-T34D  Configuration  lUS  Vehicle 
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Figures  2. 3. 3. 3-2  through  2.3.3.3-11 
have  been  deleted  from  the  orginal  release 
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Figure  2. 3.4-1 

Transfer  Function  Calculation  Program 


10  REJl  **  **  Sr*  **  **  DIVIDE. BAS  **  **  **  **  **  **  **  ** 
llPRiaT'  THISISA  PROGRAM  TO  CALCULATE  TOE  TRANSFER" 

12  PRINT  “  FUNCTION  FROM  TWO  FILES." 

15  PRINT 

16  PRINT  "  TOE  PROGRAM  DIVIDES  FILE  2  BY  FILE  1." 

29  DIM  F(600) ,0(609) ,N(600) ,T(609) 

50  INPUT  "ENTER  FILE  FILENAME  ( DENOMINATOR) Ml* 

55  OPEN  NIS  FOR  INPUT  AS  FILE  \% 

60  INPUT  "ENTER- FILE  «2.  FILENAME  ( NUMERATOR )"; N2# 

65  OPEN  N2S  FOR  INPUT  AS  FILE  2)5 
68  PRINT 

70  INPUT  “ENTER  A  FILENAME  FOR  TRANSFER  FUNCTION  (.GGP)"5N39 

75  OPEN  N5S  FOR  OUTPUT  AS  FILE  5J5 

100  LINPUT'^^l^.TlS 

110  INPUT^s'lJl.NPTS.DF.FMAX 

115  J=NPTS 

140  FOR  I  =  1  TO  J 

150  INP0T*1)5,D(  I ) 

160  NEXT  I 

200  LINPUT*25?,T33 

210  LINPUT»'2)?.T4« 

240  FOR  1  =  1  TO  J 
250  INP0T^2J?,N(1  ) 

260  NEXT  I 

SO0  FOR  I  =  1  TO  J 

310  F(I)  =  I=lsDF 

320  NEXT  I 

400  FOR  I  =  1  TO  J 

410  T(I)=R(I)/D(I) 

411  T(I)=T(I)**.5 
420  NEXT  I 

590  PRINT^5X, "*OPT" 

600  PRINT#5?5.  "*RUN  16" 

610  PRINTs-S??,  “+01  FREOUENCT  -  HERTZ" 

620  PRINT^5J?.  "+02  TRANSFER  FUNCTION* 

630  PRINT.«'3J5,  "«  TRANSFER  FUNCTION  FOR" 

640  PRINT'<'5)5,  iN2S?  "  DIVIDED  BY  "  .-Nl* 

650  PRINT-#5J?.  "TRANFUN" 

660  PRINT.»5r.,  "FREQ"  ,  "TRAN" 

670  FOR  I  =  1  TO  J 

689  PRINTs'SX,  F(I),T(I) 

690  NEXT  I 

700  PRINT^oR, “*EOF" 

800  PRINT 
810  PRINT 
820  PRINT 

850  PRINT  "  A  PLOT  FILE  ";N3*;"  HAS  BEEN  CREATED" 

851  PRINT  "  WHICH  IS  THE  DIVISION  OF  ";N2S;"  BY  “ ;N1» 

5000  END 
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1.0  INTRODUCTION 

Purpose 

The  purpose  of  this  evaluation  is  to  determine  the  compatibility  of  lUS  equipment 
with  the  pyrotechnic  shock  environment  induced  by  firing  the  devices  used  to 
separate  TORS  from  lUS  Stage  2.  An  evaluation  is  also  presented  relative  to  the 
compatibility  of  lUS  equipment  with  pyrotechnic  shock  environments  created  by 
firing  devices  used  to  deploy  TORS  antennas  and  solar  arrays. 

Background 

lUS  Stage  2  equipment  was  designed  and  qualified  for  pyroshock  environments 
based  on  measured  shock  data  from  the  lUS  Dynamic  Test  Vehicle  (DTV)  Stage  1/2 
separation  test  conducted  in  1978,  Reference  1.  The  lUS  equipment  design 
environment  is  shown  on  Figure  1.0.  The  lUS  equipment  environment  is  an 
envelope  of  all  shock  spectra  measured  at  equipment  attach  points  on  the  DTV. 
Reference  2  discusses  the  derivation  of  the  lUS  equipment  environment. 

The  spacecraft  induced  shock  allowable  on  the  lUS  379  ring  as  shown  on  Figure  1 .0  is 
the  envelope  of  shock  spectra  measured  3.5  inches  from  the  lUS  DTV  separation  nut. 
The  spacecraft  induced  shock  allowable  was  established  from  the  1978  lUS  DTV 
shock  data. 

The  induced  shock  environment  envelope  derived  from  data  measured  on  the  lUS 
Qualification  Test  Vehicle  (QTV)  spacecraft  interface  ring  is  also  shown  on  Figure 
1.0.  The  lUS  QTV  environment  was  measured  on  the  lUS  QTV  379  ring,  Reference  3. 
There  was  no  load  on  the  lUS  QTV  ring  during  the  separation  shock  test.  No 
separation  tests  have  been  conducted  with  an  lUS/Spacecraft  configuration  to 
measure  the  response  of  lUS  equipment  to  spacecraft  induced  shock. 

Scope 

This  document  contains  an  evaluation  of  lUS  equipment  compatibility  with  TDRS 
induced  shock.  Section  2  presents  a  list  of  lUS  equipment  annotated  to  indicate 
equipment  which  must  function  after  the  spacecraft  separation  shock  event. 
Section  3  discusses  the  analysis  method  used  to  predict  the  lUS  equipment  response 
to  TDRS  induced  shock  and  contains  shock  spectra  comparing  the  predicted  TDRS 
induced  shock  with  the  lUS  equipment  capability.  Section  4  presents  conclusions 
and  recommendations. 
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FIGURE  1.0 
COMPARISON 

^  Spacecraft  induced  Shock  Allowable 

lUS  Equipment  Design  Requirement 

lUS  Induced  Shock  Envelope  at  lUS  379  Ring, 
Measured  on  QTV 
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2.0  lUS  EQUIPMENT  LIST/FUNCTION 

Figure  2.0  lists  lUS  equipment  which  was  evaluated  for  compatibility  with  TORS 
induced  shock.  Figure  2.0  also  indicates  the  lUS  equipment  which  is  required  to 
function  after  the  TDRS  separation  shock  event.  TDRS/IUS  will  be  launched  from  the 
Space  Shuttle.  (STS).  The  analyses  are  discussed  in  Section  3. 
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3.0  SHOCK  ANALYSIS 

The  IDS  equipment  reponse  to  TDRS  induced  separation  shock  was  calculated  using 
the  following  relationship. 

Sc  =  TF  X  Ss 

Sc  =  Calculated  shock  spectrum  atthelUS  equipment  location 

Ss  =  Shockspectrum  on  the  TDRS  adapter  when  the  separation 
device  is  fired 

TF  =  Transfer  function  between  the  TDRS  adapter  and  the  lUS 
equipment  location 

The  estimated  TDRS  adapter  shock  environment  (Ss)  is  shown  in  Figure  3.0.  This 
environment  was  measured  during  the  TDRS  adapter/separation  band  shock  test 
conducted  in  1979,  Reference  4. 

The  transfer  functions  between  the  spacecraft  adapter  attach  points  and  the  IDS 
equipment  locations  were  calculated  using  shock  data  from  the  I  US  DTV/CS-3 
separation  shock  test  and  the  lUS  QTV  stage  1/2  separation  shock  test.  The  DTV/CS-3 
test  was  conducted  in  January  1980,  Reference  5.  The  lUS  QTV  test  was  conducted  in 
May  1981,  Reference  6.  The  transfer  function  calculations  and  calculation  of  the 
shock  spectra  at  the  lUS  equipment  locations  were  performed  on  a  Digital 
Equipment  Corporation,  VAX  1 1/780  computer.  The  shock  calculation  programs 
were  written  by  Fred  Spann,  Boeing  Dynamics  Staff. 

The  following  subsections  discuss  the  analysis  details  and  results  for  the  lUS 
equipment  requiring  analysis  per  Figure  2.0. 
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File  Names  HTDA.ENV.;! 

HTDR.ENV.;1 

HTDT.ENV.;! 


Shock  Soectrum  (0=10) 
TORS  ADAPT.  V  BAND 


O 

□ 

O 


FIGURE  3.0 

TORS  INDUCED  SHOCK 
DUE  TO  V  BAND  SEPARATION 
AT  lUS/TDRS  INTERFACE,  TDRS  SIDE  (Sj) 
O  Axial  □  Radial  <[^Tangential 
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3.1  lUS  Equipment  Analyzed 

Figure  2.0  indicates  IDS  equipment  requiring  a  shock  analysis  to  evaluate 
compatiblity  with  TDRS  induced  shock.  Previous  analyses  of  DSCS  and  DSP  induced 
shock.  References  7  and  8,  have  shown  that  most  of  the  lUS  equipment  is 
compatible  with  DSP  and  DSCS.  FiguresB.I.I  thru  3.1.3  compare  TDRS,  DSCS  and 
DSP  induced  separation  shocks.  Note  that  the  TDRS  shock  is  generally  less  than  or 
equal  to  DSP  and  DSCS  shock.  Therefore,  lUS  equipment  response  to  TDRS  shock 
will  be  calculated  for  lUS  equipment  unique  to  the  TDRS/Space  Shuttle 
configuration  or  for  lUS  equipment  which  is  not  compatible  with  DSCS  and/or  DSP 
shock.  lUS  equipment  fitting  the  above  categories  are: 

(1)  REM  (not  compatible  with  DSP  shock) 

(2)  RF  Switch  (not  compatible  with  DSP  shock) 

(3)  Omni  antenna  (unique  to  TDRS/Space  Shuttle) 

3.2  REM  (Rocket  Module)  Shock  Prediction 

The  equations  and  data  used  to  predict  the  REM  response  to  TDRS  induced  shock 
are  similar  to  those  described  in  the  DSP  and  DSCS  analyses.  References  7  and  8.  The 
predicted  environments  are  shown  in  Figure  3.2. 

3.3  RF  Switch  Shock  Prediction 

The  subject  switch’  is  not  compatible  with  the  DSP  induced  shock  at  frequencies 
above  4000  Hz,  Reference  8.  The  shock  comparisons  shown  on  Figures  3.1.1  thru 

3.1.3  of  this  document  show  that  the  TDRS  shock  is  very  much  lower  than  the  DSP 
shock  at  frequencies  above  4000  Hz.  Therefore,  the  subject  switche  is  obviously 
compatible  with  the  TDRS  induced  shock. 

3.4  Omni  Antenna  Shock  Prediction 

The  equations  and  data  used  to  predict  the  omni  antenna  response  to  the 
spacecraft  induced  shock  are  shown  on  Figure  3.4.1.  The  omni  antennas  are 
mounted  on  the  lUS  stage  2  longerons  as  shown  in  Figure  3.4.2.  the  predicted  omni 
antenna  response  to  the  TDRS  induced  separation  shock  is  shown  in  Figure  3.4.3. 

3.5  TDRS  Appendage  Shock 

Appendix  a  contains  an  evaluation  of  IDS  equipment  compatibility  with  the  shock 
produced  by  activation  of  TDRS  appendage  release  devices. 
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HDSCBA.;5 
HTDA.ENV.;2 


Predicted.Shpck  .Spectrym..(Q=10) 


COMPARISON  OF  TORS,  DSCS  AND  DSP 
INDUCED  SEPARATION  SHOCKS 
AT  lUS  SPACECRAFT  INTERFACE 
Axial 


Otdrs  odsp  ddscs 
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HDSPSR.;4 

HDSCBR.;4 

HTDR.ENV.;2 

■'  Predicted  Shock  .Soect rum  iQ=10) 


FIGURE  3.1.2 

COMPARISON  OF  TORS,  DSCS  AND  DSP 
INDUCED  SEPARATION  SHOCKS 
AT  lUS  SPACECRAFT  INTERFACE 
Radial 

Otdrs  ODSP  DDSCS 
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File  Names  HDSPST.;5 

HDSCBT.;3 
HTDT.ENV.;2 


Predicted. Shock  .Spectrum  (C-iO) 


COMPARISON  OF  TORS,  DSCS  AND  DSP 
INDUCED  SEPARATION  SHOCKS 
AT  I  US /SPACECRAFT  INTERFACE 
Tangential 

Otdrs  ODSP  DDSCS 
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TDSN19R.;1  =  HTDR.ENV.;1  (AN19RDSP.DB;4) 


Predicted  Shock  Spectrum  (Q=10) 

INPUT:  TORS  ADXpT.  V  BAND 
FOR  AN19RDSP.DB  ATTENUATION  RATIO  SPECTRUM 


FIGURE  3.2.1 


TORS  INDUCED  SHOCK 
AT  lUS  REM  LOCATION,  N19 
O  Radial 


A-15 

D290- 75303-2  Vol .  I 

a. 


ACCELERATION  G  PEAK 


THE  BOEING  COMPANY 


Appendix  A 


TDSN19T.;1  =  HTDT.ENV.;1  (AN19TDSP.DB;3) 


predicted  Shock  Spectrum  (0=10') 

INPUT;  TORS  ADAPT.  V  BATn'D  ’ 

FOR  AN19TDSP.DB  ATTENUATION  RATIO  SPECTRUM 


FIGURE  3.2.2 


TDRS  INDUCED  SHOCK 
AT  I  US  REM  LOCATION,  N19 
□  Tangential 
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) 


TDSN13*.;1  =:  HTD*.;1  (C3LC3S^J3B;1) 
*  =  ARorT 


Predicted  Shock  Spectrum  (Q=10) 
INPUT;  TORS  ADAPT.  V  BAND 
FOR  C3LC3S]f.DB  ATTENUATION  RATIO  SPECTRUM 


FIGURE  3.4.3 

TORS  INDUCED  SHOCK 
AT  I  US  OMNI  ANTENNA  LOCATIONS 
O  Axial  □  Radial  OTangential 
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4.0  CONCLUSIONS /RECOMMENDATIONS 

All  lUS  components  are  compatible  with  TDRS  induced  shock.  Rationale  for  this 
conclusion  follows. 

1.  TDRS  induced  shock  due  to  V band  separation  isgenerallylessthan 
or  equal  to  DSCSand  DSP  induced  shock.  Figures  3.1.1  thru  3.1.3.  Most 
of  the  lUS  equipment  is  compatible  with  DSCS  and  DSP  induced  shock. 


2.  The  REM  is  considered  to  be  compatible  with  TDRS  induced  shock 
even  though  predicted  levels  exceed  the  REM  design  requirement. 
Figures  3.2.1  and  3.2.2.  The  rationale  for  this  conclusion  follows. 

a)  Qualification  test  levels  are  greater  than  predicted  levels. 

b)  The  REM  is  mounted  on  vibration  isolators. 


3.  The  Omni  Antenna  is  considered  to  be  compatible  with  TDRS 
induced  shock  even  though  predicted  levels  exceed  the  omni  antenna 
design  requirement,  Figure  3.4.3  The  antenna  is  a  simple  device  with 
no  moving  parts  and  pyro  shock  tests  for  antennas  are  optional  per 
MIL-STD-1540A,  Table  II. 

4.  lUS  equipment  is  compatible  with  TDRS  induced  shock  due  to 
appendage  device  activation,  see  Appendix  A. 
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CONFIGURATION  DESCRIPTION 


Prior  to  separation  of  lUS  from  TDRS  the  following  TORS  appendages  are  deployed 
by  the  devices  indicated. 


Solar  Arrays,  24  bolt  cutters 
SGL  Antenna,  2  pin  -  pullers 
C  Band  Antenna,  1  pin  -  puller 


These  appendages  are  shown  in  figure  A-1.  The  locations  of  the  appendage  release 
devices  relative  to  the  lUS/TDRS  interface  are  shown  in  figure  A  -  2. 


SHOCK  ANALYSIS 


The  shock  environment  due  to  activation  of  the  appendage  release  devices  was 
estimated  using  the  Martin  Marietta  Pyrotechnic  Shock  Design  Guidelines  Manual  i. 
The  estimated  shock  environment  at  the  lUS/TDRS  interface  (lUS  station  379)  was 
calculated  using  the  following  relationship. 


5/  =  TF  X  Sa 


5/  =  calculated  shock  spectrum  at  lUS/TDRS  interface 


TF  =  transfer  function  between  appendage  release  device  and 
I USTTDRS  interface 


Sa  =  kshock  spectrum  at  appendage  release  device  location 


?■  MCR  69-611,  Aerospace  Systems  Pyrotechnic  Shock  Data,  Volume  VI;  Martin 
Marietta  Corp.;  Denver,  CO;  March  1970. 


A-23 

D290-75303-2  Vol .  I 
,  B 


1 


Appendix  A 


The  shock  spectra  (S4)  for  pin  -  pullers  and  boltcutters  are  shown  in  figure  A  -  3. 
These  spectra  are  from  MCR-69-61 1. 


The  transfer  function  (TF)  between  the  pyrotchnic  devices  and  the  lUS/TDRS 
interface  is  estimated  to  be  an  attenuation  factor  of  0.04  (28  db).  This  factor  was 
obtained  from  MCR-69-61 1  for  equipment  mounting  structure  and  a  distance  from 
tkesowrcc  oP  too  The  100  inch  distance  isthe  shock  path  length  shown  in 

figure  A  -  2. 


The  estimated  shock  spectrum  at  the  lUS/TDRS  interface  is  shown  in  figure  A  -  4.  The 
environment  was  calculated  by  multiplying  the  pin  -  puller  spectrum  of  figure  A  -  3 
by  the  attenuation  factor  0.04.  The  shock  environments  due  to  TDRS  V  band 
separation  are  shown  on  figure  A  -  4  for  reference. 


CONCLUSION 


The  appendage  device  shock  is  less  than  or  very  close  to  the  shock  environments 
produced  by  V  band  separation,  see  figure  A  -4.  Therefore,  the  lUS  equipment  is 
compatible  with  appendage  device  shock  based  on  the  rationale  presented  in 
section  4  of  this  report. 
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1.0  INTRODUCTION 
Purpose 

The  purpose  of  this  evaluation  is  to  determine  the  compatibility  of  lUS 
equipment  with  the  pyrotechnic  shock  environment  induced  by  firing  the 
devices  used  to  separate  DSCS  I  I/I 1 1  from  lUS  Stage  2. 

Background 

lUS  Stage  2  equipment  was  designed  and  qualified  for  pyroshock  environments 
based  on  measured  shock  data  from  the  lUS  DTV  Stage  1/2  separation  test 
conducted  in  1978,  Reference  1.  The  spacecraft  induced  shock  allowable  was 
established  from  the  same  lUS  DTV  shock  data.  The  lUS  equipment  design 
environment  is  shown  on  Figure  1.0.  The  lUS  equipment  environment  is  an 
envelope  of  all  shock  spectra  measured  at  equipment  attach  points  on  the 
DTV.  Reference  2  discusses  the  derivation  of  the  lUS  equipment  environment. 
The  spacecraft  induced  shock  allowable  on  the  lUS  379  ring  as  shown  on  Figure 
1.0  is  the  envelope  of  shock  spectra  measured  3.5  inches  from  the  lUS  DTV 
separation  nut.  The  induced  shock  environment  envelope  derived  from  data 
measured  on  the  lUS  QTV  spacecraft  interface  ring  is  also  shown  on  Figure  1.0. 
The  lUS  QTV  environment  was  measured  on  the  lUS  QTV  379  ring.  Reference  3. 
There  was  no  load  on  the  lUS  QTV  ring  during  the  separation  shock  test.  No 
separation  tests  have  been  conducted  with  an  lUS/Spacecraft  configuration 
to  measure  the  response  of  lUS  equipment  to  spacecraft  induced  shock. 

Scope 

This  document  contains  an  evaluation  of  lUS  equipment  compatibility  with  DSCS 
II/III  spacecraft  induced  separation  shock.  Section  2  presents  a  list  of 
lUS  equipment  annotated  to  indicate  equipment  which  must  function  after  the 
spacecraft  separation  shock  event.  Section  3  discusses  the  analysis  method 
used  to  predict  the  lUS  equipment  response  to  DSCS  induced  shock  and 
contains  shock  spectra  comparing  the  predicted  DSCS  induced  shock  with  the 
lUS  equipment  capability.  Section  4  presents  conclusions. 


2.0  I US  EQUIPMENT  LI ST/ FUNCTION 

Table  2.0  lists  lUS  equipment  which  was  evaluated  for  compatibility  with  DSCS 
II/III  induced  separation  shock.  Table  2.0  also  indicates  the  lUS  equipment 
which  is  required  to  function  after  the  DSCS  separation  shock  event.  DSCS 
II/III/IUS  will  be  launched  from  a  T34D  launch  vehicle.  Shock  compatibility 
analyses  were  performed  for  lUS  equipment  (T34D  configuration)  which  is  required 
to  function  after  the  DSCS  separation  shock  event.  The  analyses  are  discussed 
in  Section  3.0. 


Reference  1  TIS  No.  11-2-002-1,  lUS  Separation  Test  -  Pyrotechnic  Shock,  Boeing 
Aerospace  Co.  Final  Test  Report  (T+45  Day  CDRL  077A2),  dated 
20  February  1978. 

Reference  2  D290-10080-1 ,  Subsystem  Design  Analysis  Report,  Environmental 

Vibration,  Rev.  D,  27  February  1978. 

Final-  Report  Special  Study  FSD-81-003,  "I US  Pyrotechnic  Shock 
Reduction,  Stage  I/II  Separation",  10  July  1981. 
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3.0  SHOCK  ANALYSIS 
Analysis  Method 

The  lUS  equipment  response  to  DSCS  induced  separation  shock  was  calculated 
using  the  following  relationship. 

Sc  =  TF  X  Ss 

where  :  Sc  =  Calculated  shock  spectrum  at  the  lUS  equipment  location 

Ss  =  Shock  spectrum  measured  on  the  DSCS  Bipod  Foot  when 
the  DSCS  Separation  Device  is  fired 

TF  =  Transfer  Function  between  the  DSCS  Bipod  Foot  and 
the  I  US  equipment  location 

The  DSCS  Bipod  Foot  shock  environment  (Ss)  is  shown  in  Figure  3.0.  This 
environment  was  derived  from  data  obtained  during  the  DSCS  III  qualification 
satellite/AC-2  separation  shock  test.  Reference  4. 

The  Transfer  Functions  between  the  DSCS  Bipod  Foot  and  the  lUS  equipment 
locations  were  calculated  using  shock  data  from  the  lUS  QTV  Stage  1/2  separation 
shock  test.  The  lUS  QTV  test  was  conducted  during  May  1981.  The  shock 
spectra  from  the  test  are  documented  in  Reference  5. 

The  Transfer  Function  calculations  and  calculation  of  the  shock  spectra  at 
the  lUS  equipment  locations  were  performed  on  a  Digital  Equipment  Corporation, 
VAX-1 1/780  computer.  The  shock  calculation  programs  were  written  by  Fred 
Spann,  Boeing  Dynamics  Staff. 

The  following  subsections,  3.1  through  3.8,  discuss  the  analysis  details  and 
results  for  the  lUS  equipment  requiring  analysis  per  Table  2.0. 


Reference  4  General  Electric  Letter  CTR-6048;  to  Lt.  L.  Reagan  from  G.  H.  Hoke; 

subject.  Transmittal  of  DSCS  III  Qual  Satellite/AC-2  Separation 
Shock  Data  Contract  F04701-77-C-0036,  5  April  1982. 

Reference  5  Test  Report  No.  22B5-005R-1 ,  Pyro  Shock-Staging/Separation  QTV, 
Volumes  1  and  2,  Boeing  Aerospace  Co.,  1  December  1981. 
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3.1  REM*  (Rocket  Engine  Module)  Shock  Prediction 

The  equations  and  data  used  to  predict  the  REM  response  to  DSCS  induced 
shock  are  shown  on  Figure  3.1.1.  The  REMs  are  at  6  different  locations 
on  the  IDS  as  shown  on  Figure  3.1.2.  The  predicted  environments  are 
shown  in  Figures  3.1.7,  3.1.8  and  3.1.9. 

*  BAC  Drawing  290-21 002/C I290020A 
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3.2  Computer*  Shock  Prediction 

The  equations  and  data  used  to  predict  the  Computer  response  to  DSCS  induced 
shock  are  shown  on  Figure  3.2.1.  Computers  are  mounted  on  the  outer  conic 
at  two  different  locations  shown  on  Figure  3.2.2.  The  predicted  computer 
environments  are  shown  in  Figures  3.2.5  and  3.2.6. 

*  BAC  Drawing  290-221 19/CI290025A 
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3.3  20  Watt  Amplifier*  Shock  Prediction 

The  equations  and  data  used  to  predict  the  power  amplifier  response  to 
DSCS  induced  shock  are  shown  on  Figure  3.3.1.  The  amplifiers  are  at  two 
locations  on  the  outer  conic  as  shown  in  Figure  3.3.2.  The  predicted 
environments  are  shown  in  Figures  3.3.5  and  3.3.6. 

*  BAG  Drawing  290-221 21 /Cr290018A 
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The  equations  and  data  used  to  predict  the  SIU,  Transponder  and  EMU  Shock 
inrafoH^  are  shown  on  Figure  3.4.1.  All  of  these  equipment  items  are 
located  on  the  Inner Xomc  structure  at  the  locations  shown  in  Figure 
3.4.2.  The  predicted  environments  were  calculated  only  for  the  SIU  and 
Transponder  A  locations.  The  Transponder  is  closer  to  the  shock  source 

items.  The  predicted  environments  for  the  SIU 
and  EMU  will  be  less  than  the  Transponder  environment.  The  SIU  environment 
was  calculated  because  it  has  a  lower  design  requirement.  The  predicted 
environments  are  shown  in  Figures  3.4.4  through  3.4.7. 


*  SIU,  BAG  Drawing  290-261 99/CI290199A 
Transponder,  BAG  Drawing  290-22121/GI290018A 
EMU,  BAG  Drawing  290-22224 


B-33 

D290-75303-2  Vol.  I 
A 


Appendix  B 


7^ 

Z  Qt: 


I—  •r-  L.  <U 


U  ftf  C 


0)  O) 
C 

c  o 


«  o  ^ 

tJ  *» 

W»  t/)  to 


so 

gin 

« 

o. 

I/) 


g::-  £ 


=J 


-  ti 


U  O) 

.  01  i- 
J  U  3  ^ 

«  (O  40  O) 

o.  40  40  u 
to  g  -M  o  ro 


f-  o 

CO 

u 

&- 

to  u 


s 


O  40 

x;  o. 

lO  CO 


u  >  o  U  4-> 

■o  tt)t-  3  40 
•r>  ^  ^  O  <C* 
to  40  (O  to 
^  k. 

to  U  40  ^  (O 

=>  O  Ct  U  2 

M  f  0)  O  *-4 

to  to  f 
e  to 
o  ^  at  40 

a>  to  •*■> 

U)  U  CO  CA 

ai  3  40  c: 

x;  *o  c  k  o 
o  c  o  u-*- 

c  Qt  4^ 

—  -4^  u  o> 

to  40  01  u 
3  -4^  O.  O 

•-•  to  to  ^ 


*c  u  u 

Qi  Qt 
C  0.4^ 

to  o 
u 

C-ii  >, 

o  u  a. 
o 


gT.®" 

oj  >T-  on 


40  a>  o> 
»—  cn*o 
3  40  u 

u  c.  o 
^  o>  tJ 
to  >  « 
u  <  L. 


u 

Su 


^  5 

O  tA 


<|to 


DO 


<n 

a 

3 


in 

2 

Q 

t 


5  Cj 

^  UJ 


4 

I 


UJ 

2 


u 

o 

a: 

in 


C' 

fd 


iD 

2 

O 

I 

LL) 


0.  < 


rri 


»n 

k 

3 


C 

o 

i 

3 

i 

t) 

<1 

i 


Q  o  2 

VJ 

cn 


II  »  " 

1  S  5 

2  -? 


cO  ^ 


g.34 

D290-75303-2  Vol .  I 
A  . 


SHEET 


NUMBER 

-  REV  LTR 


Appendix  B 


B-35 

D290-75303-2  Vol .  I 
A  . 


0  Attcwuoiion.  A^A  CAxiodl 
O  AHe^vuCL-VCo^i  A9R_  CRcLdLCxx-O 
^  AHei'\u  <x.V\  on  AST 


Appendix  B 


Shock  Spectra  Attenuation  Ratio 
20»Log(SIA/ICA) 


HSIHICA© 

HSIHICRe 

HSIHICT 


FREQUENCY  -  Hz 


23- APR-82  12:12:04 

ATTEMUATION  A3 

BETWEEM  IU5  SEP  WUT  AMO  1MK)ER.  GOMIC 


Axiavl 

RadiavL 

TAK)&EKrT\AL 


i25AFR82  I  REVISED  I  DATE 


FIGURE  3.4. 3 

1 

THE  BOEING  COMPANY 

B-36 

Appendix  B 


756 


Appendix  B 


Predicted  Shock  Soectrum  (Q=10) 
INPUT:  DSCS  BIPOD  FOOT 
FOR  ANUA.DB  ATTENUATION  RATIO  SPECTRUM 


26-APR-82  12:09:42 


PREmCTED  t>SCS  iMDUCEB  5HCC)C. 
AT  TRAMSPOWDER.  VjOCATIOO 

Axia.l 

tlADlAL 


IK.UiM 

26APR82 

REVISED 

DATE 

1 

'fEsai 

■■n 

\^mm 

FIGUR£ 

I 

fmm\ 

^■11 

\^mm 

!■■■ 

THE  BOEING  COMPANY 

B-38  I 

D290-75303-2  Vol .  I 


Appendix  B 


the  COMPANY 


26-APR-82  12:02:32 


PietblCTH)  vs.  DeS\GM  l^EaL)\R.E.MeKJT 
D5CS  IKlbUCED  SHOClc. 

AT  SIU  LOCATIOKJ 

Ax\a\_ 

TAM6eNTlA,L 


—  075“ 

26APR82 

REVISED 

DATE 

iRrai 

^HIH 

\mmm 

;BSSill 

MIHB 

\^mm 

HHH 

mmmi 

■■■ 

FIGURE  3.4.  G 


D290-75303-2  Vol.  I 
A 


— 

B-39 


760 


THE 


“JFAfC  COMPANY 


Appendix  B 


3.5  ESS  Batteries*  Shock  Prediction 

The  equations  and  data  used  to  predict  the  shock  environment  on  the  ESS 
batteries  are  shown  on  Figure  3.5.1.  The  battery  locations  are  shown 
on  Figure  3.5.2.  The  predicted  environments  for  the  batteries  closest 
to  the  shock  source  are  shown  in  Figure  3.5.5. 

*  BAG  Drawing  290-22212 
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3.6  Shock  Prediction.  RCS*,  IMU*.  SCU*,  PDU*  (ESS  Deck) 

The  equations  and  data  used  to  predict  shock  environments  for  equipment 
mounted  on  the  ESS  deck  are  shown  on  Figure  3.6.1.  The  locations  of  the 
equipment  are  shown  on  Figure  3.6.2.  Figures  3.6.5  through  3.6.9  contain 
predicted  shock  spectra  for  the  PDU,  RCS  and  SCU.  The  IMU  prediction  is 
not  shown  since  it  is  similar  but  less  than  the  RCS  prediction. 

*  RCS  Manifold,  BAC  Drawing  290-21031 
RCS  Tank,  BAC  Drawing  290-21007 
RCS  Resistor  Board,  BAC  Drawing  290-21066 
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3.7  Shock  Prediction,  RF  Switch*.  Fail  Safe  RF  Relay*,  Diplexer* 

The  equations  and  data  used  to  predict  the  shock  spectra  for  the  RF  Switch, 
RF  Relay  and  Diplexer  are'  shown  on  Figure  3.7.1.  Equipment  locations  are 
shown  on  Figure  3.7.2.  The  predicted  spectra  are  shown  in  Figures  3.7.4 
through  3.7.7. 

*  RF  Switch,  BAG  Drawing  280-41 008; Fail  Safe  R/F  Relay,  BAG  Drawing  . 

280-41 009; Diplexer,  BAG  Drawing  290-22200 
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3.8  Shock  Prediction,  Medium  Gain  Antenna*,  EMU  Transducers* 

The  equations  and  data  used  to  predict  the  shock  spectra  for  the  Medium 
Gain  Antenna  and  EMU  Transducers  are  shown  on  Figure  3.8.1.  Equipment 
locations  are  shown  on  Figure  3.8.2.  Only  the  EMU  Shock  Transducers 
are  considered  for  this  analysis  since  the  EMU  Vibration  Transducers  are 
not  required  to  function  at  the  time  of  spacecraft  separation.  The 
predicted  spectra  are  shown  in  Figures  3.8.4  and  3.8.5. 
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4.0  CONCLUSIONS 

The  lUS  components  are  compatible  with  the  DSCS  III  induced  shock.  The 
rationale  for  this  conclusion  follows. 

1.  Predicted  lUS  component  shock  environments  due  to  DSCS  III  induced 
shock  are  less  than  component  design  requirements  except  for  REM, 
Computer  and  Antenna. 

2.  The  REM  is  compatible  with  the  DSCS  induced  environment  since  the 
REM  component  qualification  test  levels  are  6  db  greater  than  the 
prediction  except  for  the  frequency  range  between  1000  and  2000  Hz, 
Figure  3.1.9.  The  REM  is  not  susceptible  to  shock  in  this  frequency 
range.  The  REM  is  mounted  on  vibration  isolators.  The  isolators 
eliminate  vibration  induced  valve  chatter  at  240  Hz  and  540  Hz.  The 
radial  axis  is  critical  for  valve  chatter. 

3.  The  Computer  is  compatible  with  the  DSCS  induced  environment  because 
the  Computer  component  qualification  test  levels  are  6  db  greater 
than  the  prediction.  Figure  3.2.5. 

4.  The  Antenna  is  compatible  with  the  DSCS  induced  shock  because  the 
Antenna  component  qualification  levels  are  6  db  greater  than  the 
predicted  environment.  Figure  3.8.4.  Also  the  Antenna  is  a  simple 
device  with  no  moving  parts.  MIL-STD-1540A,  Table  II,  states  that 
pyro  shock  tests  for  antennas  is  optional. 
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SUMMARY 


This  document  contains  an  evaluation  of  the  compatibility  of  lUS  components  with 
pyrotechnic  shock  environments  generated  onboard  a  spacecraft  attached  to  I  US. 
Figure  1  lists  the  components  evaluated.  The  spacecraft  shock  environment  is 
specified  in  the  lUS  Prime  Item  Development  Specification  (PIDS).  The  environment 
is  defined  as  a  shock  spectrum  with  the  peak  level  of  7500  gs  Hz  occurring  on  the  lUS 
4  inches  from  the  lUS/spacecraft  interface. 

Thirty-five  of  the  45  components  evaluated  have  been  qualification  tested  to  a  level 
6  db  greater  than  the  calculated  component  response  to  the  spacecraft  generated 
shock. 


Ten  of  the  components  have  not  been  qualified  to  the  spacecraft  generated  shock 
level  plus  6db  by  test.  These  10  components  are: 


1.  Computer 

2.  SCU 

3.  RF  Switch 

4.  Fail  Safe  RF  Relay 

5.  Omni  Antenna 


6.  Med.  Gain  Antenna 

7.  Diplexer 

8.  EMU  Transducer 

9.  Temperature  Sensor 

10.  Separation  Nut 


Eight  of  the  10  components  can  be  qualified  by  analysis.  The  analysis  is  part  of  this 
report. 


Two  components  require  additional  qualification  testing  to  demonstrate 
compatibility  with  the  spacecraft  separation  shock.  These  components  are: 

RF  Switch 
Fail  Safe  RF  Relay 

The  qualification  levels  are  included  in  this  document. 
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Notes 

A  Component  function  required  during  or  after  spacecraft  separation. 

B  Component  function  not  required  during  or  after  spacecraft  separation. 
C  Component  compatible  with  spacecraft  shock, 

N  Component  qualification  level  is  not  6  db  greater  than  calculated  shock. 
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1.0  INTRODUCTION 
Purpose 

The  purpose  of  this  report  is  to  present  an  evaluation  of  lUS  equipment 
compatibility  with  pyrotechnic  shock  environments  generated  onboard  a  spacecraft 
attached  to  iUS. 

Scope 

The  spacecraft  induced  shock  design  requirement  is  defined  in  section  2.  The 
derivation  of  the  design  requirement  is  discussed  and  comparisons  are  made  with 
IUS  component  design  requirements  and  shock  data  measured  on  the  IUS 
Qualification  Test  Vehicle  (QTV).  Section  3  presents  the  lUS  components  analyzed 
and  describes  the  shock  prediction  method.  The  compatibility  evaluation  criteria 
and  the  evaluation  results  are  presented  in  section  4.  Conclusions  and 
recommendations  from  this  evaluation  are  shown  in  section  5.  Section  5  also 
includes  qualification  analyses  and  qualification  test  levels  for  the  RF  Switch  and  the 
Fail  Safe  RF  Relay.  Section  6  presents  a  discussion  of  the  transfer  functions  used  to 
calculate  the  spacecraft  generated  shock. 
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2.0  DESIGN  REQUIREMENT/BACKGROUND 

Prime  Item  Development  Spec  (PIPS) 

The  spacecraft  generated  shock  is  defined  in  the  lUS  Prime  Item  Development 
Specification,  S290-70001A,  reference  1.  The  PIDS  shock  is  shown  in  figure  2-1. 

PIPS  Background 

The  shock  spectrum  shown  in  figure  2-1  was  derived  from  I  US  Dynamic  Test  Vehicle 
(DTV)  shock  data,  reference  2.  The  spectrum  is  an  envelope  of  shock  spectra  caused 
by  firing  the  lUS  stage  1/2  separation  nuts.  The  shock  was  measured  at  lUS  station 
362.5,  this  location  is  3.5  inches  from  the  separation  nuts.  Boeing  recommended 
that  the  envelope  be  used  to  represent  the  shock  response  spectra  at  the  spacecraft 
interface  due  to  spacecraft  disturbances,  reference  3.  However  when  the  PIDS  was 
released  the  following  note  was  added;  "Measured  4  inches  on  lUSside  of 
interface."  The  "4  inch"  note  is  thought  to  come  from  the  Titan  Transtage  shock 
testing.  Accelerometers  were  located  4  inches  from  the  Transtage/spacecraft 
interface  on  the  Transtage  side  to  monitor  shocks  from  the  spacecraft. 

lUS  Component  Design  Requirement 

Most  lUS  stage  2  equipment  was  designed  for  the  environment  shown  in  figure  2-2., 
curve  2.  Curve  2  is  an  envelope  of  shock  spectra  measured  at  equipment  attach 
points  on  the  lUS  DTV  during  stage  1/2  separation  tests,  reference  2.  Reference  4 
contains  a  discussion  of  the  derivation  of  curve  2. 

I  US  Test  Data 

The  lUS  stage  1/2  separation  shock  environment  at  the  spacecraft  interface  ring 
(lUS  station  379)  is  shown  in  figure  2-2,  curve  3.  Curve  3  was  derived  from  shock 
data  measured  on  the  lUS  QTV,  reference  5.  There  was  no  load  on  the  lUS  QTV 
spacecraft  interface  ring  during  the  shock  test. 

Separation/shock  tests  have  not  been  conducted  with  an  lUS/spacecraft 
configuration  to  measure  the  response  of  lUS  equipment  to  spacecraft  generated 
shock.  There  have  been  no  lUS  shocks  measured  4  inches  on  the  lUS  side  of  the 
interface. 


C-9 

0290-75303-2  Vol.I 
B 


RESPOhSE  IN  G's  PEAK 


_ ^  .  *  Appendix  C 

3.2. 5. 5. 2  Shock.  The  shock  environment  at  the  lUS  vehicle/space¬ 

craft  interface  due  to  vehicle  disturbances  shall  not  exceed  those 
in  Figure  10.  The  lUS  vehicle  com^ngnis.  shall  be  designed  to  operate  after 
exposure  to  shock  environment  levels  shown  in  Figure  11. 


SHOCK  RESPONSE  SPECTRA  DUE  TO  SPACECRAFT  DISTURBANCES 
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FIGURE  2>2  DESIGN  REQUIREMENTS  COMPARISON 

1  PIDS,  Spacecraft  Generated,  4  Inches  on  lUS  Side 

2  lUS  Equipment  Design  Requirement,  Nominal 

3  lUS  Induced  Shock  Envelope  at  lUS  379  Ring,  QTV 
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3.0  SHOCK  ANALYSIS 

lUS  Components 

Figure  1  lists  the  lUS  components  evaluated  for  compatibility  with  the  PIDS  shock. 
The  figure  also  indicates  the  need  for  the  componentto  function  before  or  after 
spacecraft  separation  from  IDS. 

Prediction  Method 

The  IDS  component  response  to  spacecraft  induced  shock  was  calculated  using  the 
following  relationship. 

Sc  =  TF  X  Ss 

Sc  =  Calculated  shock  spectrum  atthelUS  component  location 
Ss  =  PIDS  shock  spectrum,  figure  2-1 

TF  =  Transfer  function  between  Ss  and  the  IDS  component 

The  transfer  functions  between  Ss  and  the  IDS  component  locations  were  calculated 
using  shock  data  from  the  IDS  QTV  stage  1/2  separation  shock  test.  The  procedure 
for  calculating  the  transfer  functions  is  described  in  section  6. 
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4.0  COMPATIBILITY  EVALUATION 

Compatibility  Criteria 

The  compatibility  of  the  lUS  components  with  the  spacecraft  induced  shock  was 
evaluated  by  comparing  the  predicted  component  shock  response  with  the 
component  design  requirement  and  the  component  qualification  test  levels. 
Comparison  of  the  predicted  response  and  the  qualification  test  levels  was  made 
only  if  the  prediction  was  greater  than  the  component  design  requirement.  The  lUS 
component  is  considered  to  be  compatible  with  the  spacecraft  shock  if  one  of  the 
following  conditions  exist: 

(1)  the  component  design  requirement  is  equal  to  or  greater  than  the 
predicted  response; 

(2)  the  component  qualification  test  level  is  at  least  6  db  greater  than  the 
predicted  response; 

(3)  the  component  is  located  on  lUS  stage  1 . 


Results 

The  results  of  the  compatibility  evaluation  are  summarized  in  figure  1 .  The 
comparisons  of  the  predicted  response  with  the  design  requirement  or  qualification 
test  level  are  shown  in  figures  4-1  thru  4-32. 

Shock  response  predictions  were  not  made  for  all  of  the  components  for  the 
following  reasons. 

(1)  Components  located  on  lUS  stage  1  will  not  be  subjected  to 
spacecraft  separation  shock.  Spacecraft  induced  shocks  from  events 
other  than  separation  are  assumed  to  be  attenuated  by  the  lUS  structure 
to  a  level  which  isnotsignificant. 

(2)  The  RCS  manifold  consists  of  pressure  lines.  The  lines  are  not 
considered  to  be  susceptible  to  pyrotechnic  shock. 

(3)  The  T34D/IUS  destruct  battery,  the  T34D/IUS  destruct  system  and  the 
T34D/IUS  safe  and  arm  are  not  required  to  function  after  T34D/IUS 
separation.  The  spacecraft  shocks  will  normally  occur  after  these  items 
have  served  their  function. 

(4)  There  were  no  pyrotechnic  shock  design  or  test  requirements 
specified  for  the  Extendable  Exit  Cone  (EEC),  therefore  a  compatibility 
analysis  was  not  conducted. 
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Predicted  Shock  Spectrum  (Q=10) 
INPUT:  SCGN 

FOR  AFA*.DB  ATTENUATION  RATIO  SPECTRUM 
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Predicted  Shock  Spectrum  (0=10) 
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Predicted  Shock  Soectrum  (Q=10) 
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Predicted  Shock  Spectrum  (Q=10) 
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Predicted  Shock  Soectrum  (Q=10) 
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5.0  CONCLUSIONS 

1 .  Thirty-five  of  the  45  components  evaluated  are  compatible  with  the  spacecraft 
generated  shock,  refer  to  figure  1 . 

2.  Ten  of  the  components  have  not  been  qualified  to  a  level  6  db  greater  than  the 
spacecraft  generated  shock.  These  10  components  are: 


1. 

Computer 

6.  Med.  Gain  Antenna 

2. 

SCU 

7.  Diplexer 

3. 

RF  Switch 

8.  EMU  Transducer 

4. 

Fail  Safe  RF  Relay 

9.  Temperature  Sensor 

5. 

Omni  Antenna 

10.  Separation  Nut 

3.  The  following  components  are  qualified  by  analysis.  The  analyses  are  presented 
in  paragraphs  5.1  thru  5.8. 

/.  Computer  5.  Diplexer 

2.  SCU  6.  EMU  Transducer 

3.  Omni  Antenna  7.  Temperature  Sensor 

4.  Med.  Gain  Antenna  8.  Separation  Nut 

4.  The  RF  Switch  and  the  Fail  Safe  RF  Relay  will  be  tested  to  shock  levels  which  will 
qualify  the  components  for  the  spacecraft  generated  shock.  The  test  levels  are 
discussed  in  paragraph  5.9. 

5.1  Computer  Qualification  Analysis 

The  computer  response  to  shock  is  shown  in  figure  4-9.  The  computer  is  considered 
to  be  compatible  with  the  spacecraft  shock  since  the  qualification  level  is  low  only  in 
a  narrow  frequency  band  (about  100  Hz)  at  1800  Hz.  The  qualification  level  is  3.4 
db  greater  than  the  calculated  response  at  this  frequency. 
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Figure  4-10  shows  that  the  SCU  calculated  response  to  spacecraft  shock  is  about  the 
same  level  as  the  qualification  test  level  over  the  frequency  range  of  2000  to  3000 
Hz.  The  qualification  test  envelope  shown  in  figure  4-10  is  from  tests  conducted  in 
October  1981,  reference  9.  The  SCU  was  tested  to  higher  pyro  shock  levels  in 
October  1980,  figure  5-1.  The  SCU  successfully  passed  the  shock  tests  atthe  higher 
levels.  Subsequent  to  the  1980  shock  test  the  SCU  sustained  mechanical  failures  in 
the  power  supply  during  random  vibration  testing.  These  failures  involved  screws 
loosening  and  backing  out  and  components  breaking  loose  from  the  printed  wire 
assemblies.  Design  changes  were  made  to  eliminate  the  cause  of  these  failures. 
Several  electrical  circuit  design  changes  were  also  macle  subsequent  to  the  1980 
shock  tests.  The  electrical  changes  resulted  in  additional  cuts  and  jumpers  on  the 
printed  wire  assemblies.  As  a  result  of  these  changes  qualification  tests  were 
conducted  on  the  modified  SCU  in  October  1981.  Priortothe  1981  tests theshock 
levels  were  changed  to  envelope  the  levels  measured  during  the  lUS  QTV  stage  1/2 
separation  tests. 

After  review  of  the  data  in  reference  9  and  discussions  with  SCU  designers,  it  is 
concluded  that  the  SCU  is  qualified  for  the  spacecraft  induced  shock  environment . 
The  rationale  for  this  conclusion  follows. 

1.  The  SCU  successfully  passed  pyro  shock  testing  in  October  1980  at 
levels  at  least  6  db  greater  than  the  maximum  expected  spacecraft 
induced  shock  levels,  see  figure  5-1 . 

2.  The  SCU  design  changes  made  subsequent  to  the  1980  tests  will  not 
compromise  the  SCU  capability  relative  to  pyrotechnic  shock.  The 
mechanical  design  changes  are  essentially  of  two  types:  (1)  cuts  and 
jumpers  on  the  printed  wire  assemblies;  (2)  better  fastener  installation 
and  piece  part  bonding  in  the  power  supply.  There  were  873  cuts  and 
jumpers  distributed  among  19  printed  wire  assemblies  in  the  SCU  during 
the  October  1980  shock  test.  The  cuts  and  jumpers  design  is  considered 
to  be  qualified  on  the  basis  of  the  1 980  test.  The  changes  to  the  power 
supply  were  made  to  eliminate  vibration  induced  failures.  A  review  of 
these  changes  indicated  that  the  shock  capability  of  the  power  supply 
would  not  be  degraded  and  would  probably  result  in  increased 
capability.  These  changes  included:  applying  Conathane  CE1 1 55  to  all 
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cover  and  case  screws;  use  of  longer  and  stronger  screws;  increased 
screw  torque;  improved  cleanliness  prior  to  bonding;  improved 
component  bonding  procedures.  The  same  power  supply  (HTL  K-West 
S/N  151)  was  used  in  the  1980  and  1981  tests. 
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5.3  Medium  Gain  Antenna  Qualification  Analysis 

The  medium  gain  antenna  response  to  shock  is  shown  in  figures  4-15  and  4-1 6.  The 
response  difference  is  due  to  the  antenna  mounting  configuration  differences 
between  the  STS  and  T34D  versions  of  the  IDS  (figure  5-2).  The  antenna  is 
considered  to  be  compatible  with  either  of  the  shock  environments  ior  the 
following  reasons. 

1.  The  medium  gain  antenna  is  a  simple  device  (figure  5-3)  and  is  not 
considered  to  be  susceptible  to  damage  by  pyrotechnic  shock.  This 
conclusion  is  supported  by  the  requiremervts  of  MIL- STD-1 540A  and 

1 540B.  Both  of  these  documents  indicate  that  component  qualification 
tests  of  antennas  are  optional.  MIL-STD-1 540A  states  that  component 
acceptance  tests  of  antennas  are  optional  while  1 540B  does  not  require 
antenna  acceptance  tests. 

2.  If  structural  damage  were  to  occur  to  the  antenna  as  a  result  of  shock, 
it  would  more  than  likely  occur  in  the  T34D  configuration  (figure  4-16). 
Structural  damage  due  to  dynamic  response  generally  occurs  at  lower 
resonant  frequencies.  Structt^al  response  at  the  lower  frequencies 
results  in  higher  structural  displacements  and  corresponding  larger 
stresses  in  the  component.  This  phenomena  is  illustrated  in  the  following 
table. 

Configuration  Frequency  (Hz)  Response  (g)  Displacement  (in.  DA) 


T34D 

200 

200 

0.10 

T34D 

600 

1300 

0.07 

STS 

3000 

5000 

0.01 

STS 

5000 

5000 

0.004 

At  the  lower  frequencies  (below  300  Hz)  the  medium  gain  antenna  has 
been  subjected  to  random  vibration  tests  which  produced  peak  g  levels 
higher  than  the  shock  qualification  tests,  figure  5-4. 

5.4  Omni  Antenna  Qualification  Analysis 

The  Omni  antenna  response  to  shock  is  shown  in  figure  4-14.  Theomni  antenna  is 
compatible  with  the  shock  environment  on  the  basis  of  the  rationale  presented  in 
paragraph  5.3.  The  omni  and  medium  gain  antenna  similarity  is  shown  in  figure  5-3. 


C-50 

D290-75303-2  Vol.I 
B 


x2 

1 

1 

-»  U 

|.i. 

§fls^§  5 a^sst-..ss 

1  0 

•§§  >S§1  S5^S§“S§ 

1 

i 

1 

u 

ft 

i 

a 

’a - - - - 

0 

(D 

'S*^5'«S5  !§•*§? 

0 

•p _ : _ _ 

l>*4 

M 

in 

•  0“ - ^ ^ 

•4 

0 

•s  fl  H  ^=5  S  2  *«J  g  gS-gS 

M 

X 

‘5  -.-  ^  ^ 

Si  ^ 

5 

a 

2“  ■ 

*9  8  8  333  a  ga  a  a — ► 

0 

t 

<0 

•s«  5I*«5  5  a  a|gSSSg£ 

a 

■g  s  a  s  a  s  s  a  6  sebSSe 

ul 

r 

1 

|i 

If  i u i  s  s i is-l- 

a 

TTTiTrrmiilii 

in 

Ui.. 

e  2 


sr 

ii 


U. 


S 

82 

at 

■i  T  >’ 


Appendix  C 


li 


\  5^ 


-*- 

in 

< 

z 

’I 

it 

a 

>• 

C-51 


D290-75303-2  Vol.I 
B 


Appendix  C 

.  S 


•SH  96  SOLDER 


TWO  .090*  70  OHM 
SEHNRI610  COAXES 

hr  ALUMINUM  SUPPORT  TUBE 

*  CHOPPED  6LA^  LOADED 
THERMOPLASTIC  CONE- 
CELANEX  3300 


THERMAL  PAINT  — ' 
HUGHSON  CH^GLAZE  II 
(UHnE)  i 


®  SPIRAL  ANGLE 


FIGURE  5-3  ANTENNA  CONSTRUCTION 

C-52 

D290-7530r-^  Vm.I  —  ’ 
B 


Appendix  C 


MEDIUM  GAIM  /^^JTEM^JA 
RESPONSE  TO 

i\)  SPACECRAFT  l?\iD(/CE:D  t)WOCK.  i  PID5 
CD  RAMQOn  VIBKATIOW  GLUAL  TEST 
TS4  D  COWFlGURATlOM 
O  A^‘(xi  □R^izLla.L 


r,*ic  1 

2DEC32 

REVISED 

WTE 

FlGVJRt  5-4 

ATO.  1 

THE  BOEING  COMPANY 

PAGE 

ii  ; 

■HM 

C-53 

D290-75303-2  Vol.I 
B 


Appendix  C 


5.5  Diplexer  Qualification  Analysis 

The  diplexer  response  to  shock  is  shown  in  figure  4-19.  The  diplexer  is  considered  to 
be  compatible  with  the  spacecraft  shock  since  the  qualification  level  is  low  only  in 
the  200  Hz  to  350  Hz  frequency  range.  The  margin  is  at  least  2  db  in  this  range. 

5.6  EMU  Transducer  Qualification  Analysis 

The  EMU  transducer  response  to  shock  is  shown  in  figure  4-21.  A  shock  transducer 
and  vibration  transducer  are  included  as  part  of  the  ejivironmental  measurement 
unit  subsystem.  The  transducer  locations  are  shown  in  figure  5-2.  The  shock 
transducer  is  compatible  with  the  spacecraft  induced  shock.  The  vibration 
transducer  has  not  been  qualified  to  a  high  enough  level  to  demonstrate 
compatibility  with  the  shock  environment.  Although  compatibility  of  the  vibration 
transducer  has  not  been  demonstrated  by  test,  the  transducer  is  considered  to  be 
compatible  with  the  shock  env/ronment  for  the  following  reasons. 

1.  The  purpose  of  the  vibration  transducer  is  to  measure  vibration  levels 
on  the  lUS.  The  significant  levels  occur  prior  to  lUS  separation  from  the 
launch  vehicle.  The  maximum  spacecraft  induced  shock  levels  occur  at 
the  time  of  spacecraft  separation.  Therefore,  the  most  important  aspects 
of  the  vibration  environment  will  have  been  measured  prior  to 
spacecraft  separation  shock. 

2.  Piezeoelectric  vibration  transducers  of  the  type  used  on  lUS  are 
inherently  rugged  devices  which  in  all  probability  have  the  capability  of 
surviving  the  spacecraft  shock. 
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5.7  Temperature  Sensor  Qualification  Analysis 

The  temperature  sensor  assembly  response  to  shock  is  shown  in  figure  4-28.  The 
locations  of  the  sensors  on  the  lUS  are  shown  in  figure  5-2.  Although  the 
temperature  sensor  has  not  been  qualified  by  test  to  levels  6  db  higher  than  the 
predicted  shock  environment,  the  sensor  is  expected  to  perform  adequately  during 
the  lUS  mission  for  the  following  reasons. 

1 .  The  purpose  of  the  sensors  is  to  provide  the  temperature  at  the 
spacecraft  interface.  The  temperature  data  is  not  required  after 
spacecraft  separation.  Therefore,  it  is  not  necessary  to  demonstrate  that 
the  sensor  will  operate  during  or  after  the  separation  shock. 

2.  The  shock  levels  generated  on  the  temperature  sensor  during  the  IDS 
QTV  stage  1/2  separation  test  are  considered  to  be  of  sufficient  severity 
to  demonstrate  the  structural  integrity  of  the  sensor-to-structure 
attachment. 

5.8  Separation  Nut  Qualification  Analysis 

Figure  4-29  shows  the  IDS  stage  1/2  separation  nut  response  to  the  spacecraft 
separation  shock.  The  prediction  is  compared  to  the  shock  measured  about  4  inches 
from  the  IDS  separation  nuts  when  the  lUS  nuts  were  fired  during  the  QTV  stage  1/2 
separation  tests..  Since  the  lUS  separation  system  consists  of  2  separation  nuts 
(figure  5-5),  the  fixed  nut  is  required  to  survive  the  shock  from  the  free  separation 
nut  and  then  fire  to  eject  the  separation  stud.  The  shock  delivered  to  the  IDS  fixed 
nut  by  the  free  nut  is  estimated  to  be  significantly  higher  than  the  spacecraft 
induced  shock  as  shown  in  figure  4-29.  The  ability  of  the  fixed  nut  to  survive  and 
function  following  the  free  nut  shock  has  been  demonstrated  during  the  QTV  stage 
1/2  separation  tests.  Therefore,  the  I  US  separation  nuts  are  considered  to  be 
compatible  with  the  spacecraft  shock. 
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5.9  Qualification  Test  Levels,  RF  Switch  and  Fail  Safe  RF  Relay 

The  RF  switch  and  fail  safe  RF  relay  will  be  qualification  tested  to  higher  levels.  The 
qualification  levels  will  be  6  db  greater  than  the  calculated  response  to  spacecraft 
generated  separation  shock.  The  spacecraft  shock  was  calculated  assuming  the  PIDS 
level  applied  at  a  point  4  inches  from  the  interface  and  at  the  point  where  the 
spacecraft  attachs  to  the  IDS.  The  qualification  test  spectrum  is  shown  in  figure  5-6. 


C-57 

D290-75303-2  Vol.I 
B 


Appendix  C 
iwreitFACE 


O  RX1AL  1 
□  RADIAL  t  ^ 

O  t^ngentialJ 
0  axial  1 

A  RADIAL  f  ^  SPACECRAFT  IMTERFACE 

O  TANfiEirriAL) 


Predicted  Shock  Spectrum  fQ=10) 
INPUT:  SCGN 

FOR  ARFS+.DB  ATTENUATION  RATIO  SPECTRUM 


10000 


1000 


Q. 

O 


D 

i- 

n> 

o 

o 

< 


WM  TL'oT 

REGUyiREMENT 


SDRFSA. 
ACC  O 

SDRFSR. 
ACC  □ 

SDRFST. 
ACC 

SIRFSA. 
ACC  o 

SIRFSR. 
ACC  A 

SIRFST. 
ACC  C7 

RFSQR. 
ACCL 


1000 

Frequency  -  Hz 


10000 

9-FEB-83  12:32:39 


QUAUPICATION  TEST  REQUIREMENT 
RF  SWITCH 
FAIL  SAFE  RF  RELAY 

vs. 

RFSWITCH  4-  FAIL  SAFE  RF  RELAY 
RESPONSE  "TO  SPACECRAFT  INDUCED  3HQOC 


CALC 

. ‘^3...^ 

9FEB83 

REVISED 

DATE 

Cf€CK 

APPO. 

APPO. 

FIGURE  5-& 


BOE I NG 


C-58  - 

0290-75303-2  Vol.I 

"b 


PAGE 


Appendix  C 


6.0TRANSFER  FUNCTION  CALCULATIONS 

The  transfer  functions  (TF)  used  to  calculate  the  response  of  I  US  components  to  the 
spacecraft  generated  shock  are  based  on  data  from  the  lUSQTV  stage1/2 
separation  test.  The  QTV  data  and  transfer  function  equations  have  been  discussed 
in  previous  analyses,  references  6,  7  and  8.  This  section  summarizes  the  transfer 
functions  for  the  analyses  in  this  document.  Transfer  functions  which  have  changed 
from  previous  analyses  are  identified  and  the  changes  are  discussed.  The  TFs  are 
identified  by  file  names  used  in  the  VAX  computer.  An  interpretation  of  the  file 
names  is  provided. 

Transfer  Functions  Used 

Figure  6-1  lists  the  lUS  components  and  transfer  functions  used  to  calculate  the  lUS 
component  response  to  the  spacecraft  generated  shock.  Column  1  contains  the 
name  of  the  VAX  computer  files  which  describe  the  transfer  function.  The  transfer 
functions  were  calculated  by  adding  the  various  attenuations  along  the  shock  path. 
The  attenuation  functions  associated  with  each  transfer  function  are  listed  in 
column  2.  The  attenuation  function  codes  of  column  2  are  defined  in  figure  6-2. 

The  attenuation  function  spectra  are  shown  in  figures  6-3  thru  6-2 1 .  Column  3 
contains  the  VAX  computer  file  names  containing  the  calculated  component 
response  to  spacecraft  generated  shock. 

Transfer  Function  Changes 

Previous  analyses  (references  6, 7  and  8)  were  based  on  spacecraft  generated  shock 
measured  on  the  spacecraft.  The  analyses  in  this  document  are  based  on  the 
spacecraft  generated  shock  defined  in  the  PIDS.  The  PIDS  defines  the  spacecraft 
shock  at  a  point  on  the  lUS  4  inches  from  the  lUS  spacecraft  interface  (lUS  station 
375). .Therefore,  all  attenuation  transfer  functions  were  calculated  between  a  point 
on  an  lUS  ESS  longeron  at  station  375  and  the  component  location. 

Previous  analyses  of  the  REM  and  the  Medium  Gain  Antenna  used  the  attenuation 
between  the  spacecraft  and  the  component,  A2  and  A1 5,  as  one  part  of  the  transfer 
function.  The  analyses  contained  in  this  report  use  the  attenuation  between  the  lUS 
separation  nut  and  the  component,  A17  or  A18,  in  place  of  A2  or  A15.  This  change 
was  made  because  the  spacecraft  attach  point  was  not  the  source  of  the  shock  for 
the  QTV  test.  Also,  for  the  components  involved  (REM,  Medium  Gain  Antenna  and 
SRM2  Safe  and  Arm)  the  distances  from  the  lUS  separation  nut  and  the  spacecraft 
attach  point  are  similar. 
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Previous  analyses  of  the  SRM2  Safe  and  Arm  Device  were  based  on  the  envelope  of 
spectra  from  test  numbers  1 ,2  and  3  for  accelerometer  8  located  on  the  isolated  side 
of  the  S  &  A.  For  the  analysis  in  this  document  the  transfer  function  is  based  on  the 
output  from  accelerometers  recorded  during  separation  test  number  1  conducted 
on  18  May  1981.  The  spectra  from  test  numbers  2  and  3  were  judged  to  be  invalid. 

Previous  ananlyses  of  the  SCU  were  based  on  the  average  ESS  deck  transfer  function 
with  a  correction  for  distance  of  the  component  relative  to  the  average  component 
distance  from  the  shock  source.  For  the  analysis  in  this  document  the  SCU  transfer 
function  is  based  on  the  response  of  the  accelerometer  located  closest  to  the  SCU 
(accelerometer  11).  Similarly,  the  star  scanner  transfeV  function  is  based  on  the 
response  of  accelerometer  19. 
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FIGURE  6-1  TRANSFER  FUNCTIONS 
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Notes 

Column  1  Transfer  function  file  name  (VAX  computer) 

Column  2  Attenuation  functions  used  to  calculate  Transfer  functions,  see  figure  6-2. 
Column  3  Calculated  shock  spectra  file  name  (VAX  computer). 

*  Direction;  axial  (A),  radial  (R),  tangential  (T) 
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Notes 

Column  1  Transfer  function  file  name  (VAX  computer) 

Column  2  Attenuation  functions  used  to  calculate  Transfer  functions,  see  figure  6-2. 
Column  3  Calculated  shock  spectra  file  name  (VAX  computer).. 

*  Direction:  axial  (A),  radial  (R),  tangential  (T) 
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Notes 

Column  1  Transfer  function  file  name  (VAX  computer) 

Column  2  Attenuation  functions  used  to  calculate  Transfer  functions,  see  figure  6-2. 
Column  3  Calculated  shock  spectra  file  name  (VAX  computer).. 

*  Direction:  axial  (A),  radial  (R),  tangential  (T) 
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FIGURE  6-2  ATTENUATION  FUNCTIONS 


Ml  =  HSSHSL*.DB  Figure  6-3 

The  inverse  attenuation  across  the  joint  between  the  lUS  ESS  longeron  and  IDS  379 
ring.  This  function  is  used  to  calculate  the  spacecraft  generated  shock  existing  at 
the  lUS/spacecraft  interface  since  the  PIDS  defines  the  spacecraft  shock  at  a  point  4 
inches  on  the  lUSside  of  the  interface. 

A1  =  HSLHSS*.DB  Figure  6-3A 

Attenuation  across  the  joint  between  the  lUS  ESS  longeron  and  lUS  379  ring. 

A2  -  HSSH04*.DB  Figure  6-4 

Attenuation  between  the  spacecraft  attach  point  and  the  lUS  REM  located  26.6 
inches  from  the  attach  point.  ^ 

A3  -  HSIHCr.DB  Figure  6-5 

Attenuation  between  the  lUS  stage  1/2  separation  nut  and  the  computer  isolator 
input. 

A4  =  HCIH05A.DBandHCIH71R.DB  Figure  6-6 

Attenuation  across  the  computer  isolator. 

A5  =  X70H76*.DB  Figure  6-7 

Attenuation  between  the  lUS  stage  1/2  separation  nut  and  the  power  amplifier 
isolator  input. 

A6  =  HPIHPO*.DB  Figure  6-8 

Attenuation  across  the  power  amplifier  isolator. 

A7  =  HSIDCr.DB  Figure  6-9 

Attenuation  between  the  lUS  stage  1/2  separation  nut  and  the  DC-DC  converter 
isolator  input. 

A8  =  DC1DC0*.DB  Figure  6-10 

Attenuation  across  the  DC-DC  converter  isolator. 

A9  =  HSIHIC*.DB  Figure  6-11 

Attenuation  between  the  lUS  stage  1/2  separation  nut  and  a  location  on  the  inner 
conic  (40  inch  shock  path). 

A10  -  HSIHSL^.DB  Figure  6-1 2 

Attenuation  between  the  lUS  stage  1/2  separation  nut  and  the  top  of  the  ESS 
longeron  (16  inch  shock  path). 

All  =  X70H07*.DB  Figure  6 -12A 

Attenuation  between  the  lUS  stage  1/2  separation  nut  and  the  ESS  battery  support 
(21  inch  shock  path). 

A12  =  HSIHED*.DB  Figure  6-13 

Attenuation  between  the  lUS  stage  1/2  separation  nut  and  the  ESS  deck  (16  inch 
shock  path). 

A13  =  HUIHUO*.DB  Figure  6-14 

Attenuation  across  the  PDU  isolator. 
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FIGURE  6*2  ATTENUATION  FUNCTIONS  (CONTINUED)  * 


A14  =  HSIH44*.DB  Figure  6-1 5 

Attenuation  between  the  lUS  stage  1/2  separation  nut  and  the  RF  switch  support 
(40  inch  shock  path). 

A15  =  H65H09*.DB  Figure  6-16 

Attenuation  between  spacecraft  attach  point  and  SRM  2  safe  and  arm 
isolator.input  (30  inch  shock  path). 

A17  *  HSIH04*.DB  Figure  6-1 7 

Attenuation  between  the  lUS  stage  1/2  separation  nut  and  REM  location  (30  inch 
shock  path). 

A18  =  HSIH09*.DB  Figure  6-18 

Attenuation  between  the  lUS  stage  1/2  separation  nut  and  SRM  2  safe  and  arm 
(30  inch  shock  path). 

A19  =  H09H08*.DB  Figure  6-19 

Attenuation  across  the  safe  and  arm  isolator. 

A20  =  HSIH11*.DB  Figure  6-20 

Attenuation  between  the  lUS  stage  1/2  separation  nut  and  theSCU  (8  inch  shock 
path). 

A21  =  HSIH19*.DB  Figure  6-21 

Attenuation  between  the  lUS  stage  1/2  separation  nut  and  the  Star  Scanner  (8  inch 
shock  path). 

AB  =  Variable 

Attenuation  due  to  distance ,  assumes  attenuation  linear  with  distance. 
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Shock  Soectra  Attenucticn  Ratio 
20+LogvSSA/SLA) 


1i-DEC-S2  13:36:46 


Ml  =  HSSHSL*.DB  Figure  6-3 

The  inverse  attenuation  across  the  joint  between  the  IDS  ESS  longeron  and  lUS  379 
ring.  This  function  is  used  to  calculate  the  spacecraft  generated  shock  existing  at 
the  lUS/spacecraft  interface  since  the  PIDS  defines  the  spacecraft  shock  at  a  point  4 
inches  on  the  IDS  side  of  the  interface. 
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Shock  Spectra  Attenuation  Ratio 
20*Log(,SL/SS) 


14-JAN-83  13:03:08 


A1  =  HSLHSS*.DB  Figure  6-3A 

Attenuation  across  the  joint  between  the  iUS  ESS  longeron  and  IDS  379  ring. 


|CALC 

1  pm 

14JAN83 

REVISED 

DATE  j 

FIGURE  &-3A 

!  CHECK 

lijssn 

1 

1 

THE  BOEING  COMPANY 

PAGE  ;! 

;l 

j 

C-67 

0290-75303-2  Vol.I 
B 


^CS2  I 


CH£CK  ! 


iiAPPD.  ; 


REVISED  i  DATE 


F!6J1?E 


HE  BOEING  COMPANY 


PAGE 


C-68 

D290-75303-2  Vol.I 
B 


Attenuation  between  the  lUS  stage  1/2 
input. 


ralafsltfsilli] 


g|gW»] 


in  nut  and  the  connputer  isi 


|CALC 

HBSCSi 

IffgiiaM 

DATE 

riGUl^S  G-S 

Crf.CK 

[ 

I  ATO. 

■HI 

llAPFD.  1 

1 

THE  BOEING  COMPANY 

PAGE 

L . 

C-69 

D290-75303-2  Vol.I 


Appendix  C 


Shock  Soectra  Attenuation  Ratio 
■  20*Log(CIA/05A) 


11 -DEC-82  13:44:53 


A4  =  HCIHOSA.DBand  HCI  H71R.DB  Figure  6-6 
Attenuation  across  the  computer  isolator. 
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A5  =  X70H76*.DB  Figure  6-7 

Attenuation  between  the  IDS  stage  1/2  separation  nut  and  the  power  amplifier 
isolator  input. 


ICALC 

W5 

110EC82 

REVISED 

DATE 

RG’OR^  G-1 

iiii'rta 

■ 

i  APPO.  i 

i 

j 

nnmnnni 

■■■1 

THE  BOEING  COMPANY  i 

PAGE  1 

■■■■■■I 

BBfli 

C-71 

D290-75303-2  Vol.I 


ATTENUATION 


A| 


Shock  Spectra  Attenuation  Ratio 
20*Log(PIA/P0A) 


CD 

O 


i 


HF 

HP 


A6  =  HPIHPO*.DB  Figure  6-8 

Attenuation  across  the  power  amplifier  isolator. 
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Shock  Spectra  Attenuation  Ratio 
2Q*Log(3IA/CIA) 


11-DEC-a2  13:49:02 


A7  =  HSIDC1*.DB  Figure  6-9 

Attenuation  between  the  IDS  stage  1/2  separation  nut  and  the  DC-DC  converter 
isolator  input. 
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A8  =  DaDCO*.DB  Figure  6-10 

Attenuation  across  the  DC-DC  converter  isolator. 
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Shock  Spectra  Attenuation  Ratio 
'  20*Log(SIA/ICA) 
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A9  =  HSIHIC*.DB  Figure  6-11 

Attenuation  between  the  lUS  stage  1/2  separation  nut  and  a  location  on  the  inner 
conic  (40  inch  shock  path). 
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■Shock  Spect r a  At tenuat i on  Rat  i o 
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A10  =  HSIHSL*.DB  Figure  6-12 

Attenuation  between  the  lUS  stage  1/2  separation  nut  and  the  top  of  the  ESS 
longeron  (16  inch  shock  path). 
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Shock  Spectra  Attenuation  Ratio 
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A12  =  HS1HED*.DB  Figure6-13 

Attenuation  between  the  IDS  stage  1/2  separation  nut  and  the  ESS  deck  (16  inch 
shock  path). 
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A15  =  H65H09*.DB 

Attenuation  between  spacecraft  attac 
isolator. input  (30  inch  shock  path). 
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Shock  Spectra  Attenuation  Ratio 
20*Log(SIA/04A) 
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A17  =  HSIH04*.DB  Figure  6-17 

Attenuation  between  the  lUS  stage  1/2  separation  nut  and  REM  location  (30  inch 
shock  path). 
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A18  =  HSIH09*.DB  Figure  6-18 

Attenuation  between  the  IDS  stage  1/2  separation  nut  and  SRM  2  safe  and  arm 
(30  inch  shock  path). 
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Shock  Spectra  Attenuation  Ratio 
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A19  =  H09H08*.DB  Figure  6-19 

Attenuation  across  the  safe  and  arm  isolator. 
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A20  =  HSIH11*.DB  Figure  6-20 

Attenuation- between  the  IDS  stage  1/2  separation  nut  and  the  SCU  (8  inch  shock 
path). 
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INTRODUCTION 


1.0 

Purpose 

The  purpose  of  this  evaluation  is  to  determine  the  compatibility  of  lUS  equipment 
with  the  pyrotechnic  shock  environment  induced  by  firing  the  devices  used  to 
separate  DSP  12,  13  from  I  US  Stage  2. 

Background 

lUS  Stage  2  equipment  was  designed  and  qualified  for  pyroshock  environments 
based  on  measured  shock  data  from  the  lUS  DTV  Stage  1/2  separation  test 
conducted  in  1978,  Reference  1.  The  spacecraft  induced  shock  allowable  was 
established  from  the  same  lUS  DTV  shock  data.  The  lUS  equipment  design 
environment  is  shown  on  Figure  1.0.  The  lUS  equipment  environment  is  an 
envelope  of  all  shock  spectra  measured  at  equipment  attach  points  on  the  DTV. 
Reference  2  discusses  the  derivation  of  the  lUS  equipment  environment.  The 
spacecraft  induced  shock  allowable  on  the  lUS  379  ring  as  shown  on  Figure  1.0  is  the 
envelope  of  shock  spectra  measured  3.5  inches  from  the  lUS  DTV  separation  nut. 

The  induced  shock  environment  envelope  derived  from  data  measured  on  the  lUS 
QTV  spacecraft  interface  ring  is  also  shown  on  Figure  1.0.  The  I  US  QTV  environment 
was  measured  on  the  lUS  QTV  379  ring.  Reference  3.  There  was  no  load  on  the  lUS 
QTV  ring  during  the  separation  shock  test.  No  separation  tests  have  been 
conducted  with  an  lUS/Spacecraft  configuration  to  measure  the  response  of  lUS 
equipmentto  spacecraft  induced  shock. 

Scope 

This  document  contains  an  evaluation  of  lUS  equipment  compatibility  with 
DSP  12,13  induced  separation  shock.  Section  2  presents  a  list  of  lUS  equipmerU 
annotated  to  indicate  equipment  which  must  function  after  the  spacecraft 
separation  shock  event.  Section  3  discusses  the  analysis  method  used  to  predict  the 
lUS  equipment  response  to  DSP  induced  shock  and  contains  shock  spectra 
comparing  the  predicted  DSP  induced  shock  with  the  lUS  equipmerit  capability. 
Section  4  presents  conclusions.  Section  5  describes  the  r\ 

derivation  of  the  DSP  shock. 


2.0 


lUS  EQUIPMENT  LIST/FUNCTION 


Fiqure  2  0  lists  lUS  equipment  which  was  evaluated  for  compatibility  with  DSP  12,13 
induced  ’  separation  shock.  Figure  2.0  also  indicates  the  lUS  equipment  which  is 
required  to  function  after  the  DSP  separation  shock  event.  DSP  12,13/IUS  will  be 
launched  from  a  T34D  launch  vehicle.  Shock  compatibility  analyses  were  perforrned 
for  IDS  equipment  (T34D  configuration)  which  is  required  to  function  after  the  DSP 
separation  shock  event.  The  analyses  are  discussed  in  Section  3.  - - 

Reference  1.  TIS  No.  11-2-002-1,  lUS  Separation  Test  -  Pyrotechnic 
Shock,  Boeing  Aerospace  Co.  Final  Test  Report  (T  +  45  Day  CDRL 
077A2),  dated  20  February  1978.  . 

Reference  2.  D290-10080-1,  Subsystem  Design  Analysis  Report. 

Environmental  Vibration,  Revision  D,  27  February  1978. 

Reference  3.  Final  Report  Special  Study  FSD-81-003,  "lUS  Pyrotechnic 
Shock  Reduction,  Stage  I/ll  Separation",  10  July  1981. 
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Signal  Cond.  Unit  (SCU)  290-26016/C1290016A 
Code  Plug,  SCU  290-26100/ 

Signal  Interface  Unit  (SIU)  290-261 99/Cl 2901 99A 
Titan  Interface  Unit  (TIU)  290-261 97/Cl 2901 97A 
RF  Switch  (2  pole)  280-41008 
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3.0  SHOCK  ANALYSIS 

The  lUS  equipment  reponse  to  DSP  induced  separation  shock  was  calculated  using 
the  following  relationship. 


Sc  =  TF  X  Ss 


Sc  =  Calculated  shock  spectrum  at  the  lUS  equipment  location 


Ss  =  Shock  spectrum  on  the  DSP  adapter  when  the  separation 
device  is  fired 


TF  =  Transfer  function  between  the  DSP  adapter  and  the  lUS 
equipment  location 


The  estimated  DSP  adapter  shock  environment  (Ss)  is  shown  in  Figure  3.0.  This 
environment  was  derived  from  data  obtained  during  the  DSP  satellite/AC-2 
separation  shock  test  conducted  in  1970,  Referenced.  The  estimation  procedure  is 
discussed  in  Section  5. 

The  transfer  functions  between  the  DSP  adapter  attach  points  and  the  IDS 
equipment  locations  were  calculated  using  shock  data  from  the  lUS  QTV  stage  1/2 
separation  shock  test.  The  IDS  QTV  test  was  conducted  during  May  1981.  The  shock 
spectra  from  the  test  are  documented  in  Reference  S.The  transfer  function 
calculations  and  calculation  of  the  shock  spectra  at  the  IDS  equipment  locations 
were  performed  on  a  Digital  Equipment  Corporation,  VAX  1 1/780  computer.  The 
shock  calculation  programs  were  written  by  Fred  Spann,  Boeing  Dynamics  Staff. 

The  following  subsections,  3.1  through  3.8,  discuss  the  analysis  details  and  results 
for  the  lUS  equipment  requiring  analysis  per  Figure  2.0. 


Reference  4.  TRW  Report  87 1 3TR0 1 4-00 1 ,  Spacecraft  Qual if ication 
Separation  Shock  Test  on  the  Defense  Support  Program  Qualification 
Spacecraft,  13  July  1970. 

Reference  5.  Test  Report  No.  22B5-005R-1,  Pyro  Shock- 
Staging/Separation  QTV,Volumes  1  and  2,  Boeing  Aerospace  Co., 

1  December  1981. 
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3.1  REM*  (Rocket  Engine  Module)  Shock  Prediction 

The  equations  and  data  used  to  predict  the  REM  response  to  DSP  induced  shock  are 
shown  on  Figure  3.1.1.  The  REMs  are  at  6  different  locations  on  the  lUS  as  shown  on 
Figure  3.1.2.  The  predicted  environments  are  shown  in  Figures  3.1.12,  3.1.13  and 
3.1.14. 


*BAC  Drawing  290-2 1002/CI290020A 
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3.2  Computer*  Shock  Prediction 

The  equations  and  data  used  to  predict  the  computer  response  to  DSP  induced 
shock  are  shown  on  Figure  3.2.1.  Computers  are  mounted  on  the  outer  conic  at  two 
different  locations  shown  on  Figure  3.2.2.  The  predicted  computer  environments 
are  shown  in  Figures  3.2.6  and  3.2.7. 

*BAC  Drawing  290-22 11 9/Ci290025A 
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3.3  20  Watt  Amplifier*  Shock  Prediction 

The  equations  and  data  used  to  predict  the  power  amplifier  response  to  DSP 
induced  shock  are  shown  on  Figure  3.3.1 .  The  amplifiers  are  at  two  locations  on  the 
outer  conic  as  shown  in  Figure  3.3.2.  The  predicted  environments  are  shown  in 
Figure  3.3.6. 


* B AC  Drawing  290-22 1 2 1/CI2900 1 8A 
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3.4  Shock  Prediction,  SlU*,  Transponder*,  EMU*  (Inner  Conic) 

The  equations  and  data  used  to  predict  the  SlU,  Transponder  and  EMU  shock 
response  are  shown  on  Figure  3.4.1.  All  of  the  equipment  items  are  located  on  the 
inner  conic  structure  at  the  locations  shown  in  Figure  3.4.2.  The  predicted 
environments  were  calculated  only  for  the  SlU  and  Transponder  A  locations.  The 
transponder  is  closer  to  the  shock  source  than  the  other  equipment  items  The 
predicted  environments  for  the  SlU  and  EMU  will  be  less  than  the  transponder 
environment.  The  SlU  environment  was  calculated  because  it  has  a  lower  design 
requirement.  The  predicted  environments  are  shown  in  Figures  3.4.6  and  3.4.7. 

*SIU,BAC  Drawing  290-26199/CI290199A 

Transponder,  BAG  Drawing  290-221 2 1/CI290018A 
EMU,  BAC  Drawing  290-22224 
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3.5  ESS  Batteries*  Shock  Prediction  "  —  "  “ 

The  equations  and  data  used  to  predict  the  shock  environment  on  the  ESS  batteries 
are  shown  on  Figure  3.5.1.  The  battery  locations  are  shown  on  Figure  3.5.2.  The 
predicted  environments  for  the  batteries  closest  to  the  shock  source  are  shown  in 
Figure  3.5.6. 


*BAC  Drawing  290-22212 
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3.6  Shock  Prediction.  RCS*,IMU*,SCU*rPDU?^(ESS  Deck) 

The  equations  and  data  used  to  predict  the  shock  environments  for  equipment 
mounted  on  the  ESS  deck  are  shown  on  Figure  3.6.1.  The  locations  of  the 
equipment  are  shown  on  Figure  3.6.2.  Figures3.6.8  through  3.6.10  contain 
predicted  shock  spectra  for  the  PDU,  RCS  and  SCU.  The  IMU  prediction  is  not  shown 
since  it  is  similar  but  less  than  the  RCS  prediction. 

*RCS  Manifold,  BAC  Drawing  290-21031 
RCS  Tank,  BAC  Drawing  290-21007 

RCS  Resistor  Board,  BAC  Drawing  290-21066 
IMU,  BAC  Drawing  290-22118 
SCU,  BAC  Drawing  290-26016 
PDU,  BAC  Drawing  290-261 17 
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3.7  Shock  Prediction,  RF  Switch*,  Fail  Safe  RF  Relay*,  DIplexer* 

The  equations  and  data  used  to  predict  the  shock  spectra  for  the  RF  Switch,  RF  Relay 
and  Diplexer  are  shown  on  Figure  3.7.1.  Equipment  locations  are  shown  on  Figure 
3.7.2.  The  predicted  spectra  are  shown  in  Figures  3.7.6  through  3.7.1 1. 

*RF  Switch,  BAC  Drawing  280-41008 

Fail  Safe  RF  Relay,  BAC  Drawing  280-41009 
Diplexer,  BAC  Drawing  290-22200 


D-69 

D290-75303-2  Vol .  I 
A 


Appendix  D 


D290-75303-2.VO1.  I 


NuMock 


ord 


Appendix  D 


AN  29  *  =  AN29*DSP.DB  =  AT*  +  A14*  0.6 

*  =  A,  R  or  T 


Shock  Spectra  Attenuation  Ratio 
20*Log(N2S/ADS) 


ATTENUATION  AN29 
SPACECRAFT  ADAPTER  AT  33° 
TO  RF  SWITCH,  N29,  AT  0° 


O  Axial,  AN29A 
□  Radial ,  AN29R 
^Tangential,  AN29T 


Appendix  D 


=  AN34*DSP.DB  =  Al*  +  A14* 
*  =  A,  R  or  T 


Shock  Spectra  Attenuation  Ratio 
20*Log(N3S/ADS) 


1000 

FREQUENCY  -  Hz 


ATTENUATION  AN34 

SPACECRAFT  ADAPTER  AT  33*^ 
TO  DIPLEXER,  N34,  AT  0° 

O  Axial,  AN34A 
□  Radial,  AN34R 


AN34ADSO 

AN34RDSn 

AN34TDS<I> 


15-MAY-82  11:27:00 


O Tangential,  AN34T 


FIGURE  3.7.5 


THE  BOEING  COMPANY 


Appendix  D 


DSP12N29A.  = 


DSP  12,13  INDUCED  SHOCK 
AT  RF  SWITCH  LOCATION,  N29 


O  Axial 


ACCELfc'RMlON  G  PEAK 


D290-75303-2  Vol.  1 


Appendix  D 


DSP12N34A. 


S^dO  -AN34A/20) 


predicted  Shock  Scectrur!  (Q=10l 
INPUT:  DSP/ 1  US  ATTACI^ 

FOR  AN34ADSP.D0  ATTENUATION  RATIO  SPECTRUM 


Design 

Requirement 


IBI 


mmimmm 


mm 


DSP12N34A 
LRU.  CAT® 


Frequency  -  Hz 

1 

OSP  12,13  INDUCED  SHOCK 
AT  DIPLEXER, LOCATION,  N34 
O  Axial 


20-MAY-82  07:26:42 


REVI^  I  DATE 


FIGURE 

3.7.9 

THE  BOEI 

NG  COMPANY 

paged-78 


DSP12N34R  =  S^(10  ■AN34R/20j 


Predicted  Shock  Soectrum  iQ=10) 

INPUT:  DSWlUS  ATTACS^ 

FOR  AN34RDSP.Da  ATTENUATION  RA1I0  SPECTRUM 


Appendix  D 


Design 

Requirement 


LRU.  CAT 


FREQUENCY  -  HERTZ 

DSP  12,13  INDUCED  SHOCK 
AT  DIPLEXER  LOCATION,  N34 
□  Radial 


20-WAY-82  07-27:56 


DATE 

FIGURE  3.7.10 

ACCELERATION  G  PEAK 


THE  COMPANY 


Appendix  D 


3.8  Shock  Prediction,  Medium  Gain  Antenna*,  EMU  Transducers* 

The  equations  and  data  used  to  predict  the  shock  spectra  for  the  Medium  Gain 
Antenna  and  EMU  Transducers  are  shown  on  Figure  3.8. 1 .  Equipment  locations  are 
shown  on  Figure  3.8.2.  Only  the  EMU  shock  transducers  are  considered  for  this 
analysis  since  the  EMU  vibration  transducers  are  not  required  to  function  at  the 
time  of  spacecraft  separation.  The  predicted  spectra  are  shown  in  Figures  3.8.5, 
3.8.6  and  3.8.7. 

*Antenna,  BAG  Drawing  290-27106 

EMU  Transducers,  BAG  Drawing  290-22228 
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CONCLUSIONS 


All  lUS  components  are  compatible  with  R 

DSP  12,13  induced  shock.  Rationale  for  this  conclusion  follows. 


1.  Figures  3.1.12,  3.1.13  and  3.1.14  compare  the  predicted  DSP 
induced  shock  on  the  REM  with  the  shock  applied  during  the  REM 
component  qualification  tests.  The  qualification  environment  is  not  6 
db  higher  than  the  predicted  levels  as  noted  on  figures  3. 1.1 3  and 
3.1.14.  However,  the  REM  is  considered  to  be  compatible  with  the  DSP 
12,13  shock  for  the  followirig  reasons. 

(a)  The  low  margins  are  at  frequencies  above  1000  Hz.  Since  the 
REM  is  mounted  on  vibration  isolators,  the  pyro  shock  levels 
transmitted  to  the  REM  will  be  reduced 

(b)  The  REM  is  a  mechanical  device.  Mechanical  devices  are 
usually  not  susceptible  to  high  frequency  shock.  The  REM  did 
experience  valve  chatter  at  240  Hz  and  540  Hz  duririg  vibration 
testing.  The  vibration  isolators  were  added  to  eliminate  the  valve 
chatter. 

(c)  The  minimum  margins  are  positive  and  occur  over  narrow 
frequency  bands. 

2.  The  RF  Switch  and  Fail  Safe  RF  Relay  have  a  6  db  margin  over 

the  predicted  DSP  induced  shock,  Figures  3.7.7  and  3.7.8. 


3.  The  Medium  Gain  Antenna  is  considered  to  be  compatible  with  the 
DSP  induced  environment  even  though  the  predicted  levels  exceed  the 
component  qualification  levels,  see  Figure  3.8.6.  The  antenna  is  a 
simple  device  with  no  moving  parts.  Figure  4.1 .  Pyro  shock  tests  for 
antennas  are  optional  per.MIL-STD-1540A,Table  (1. 
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4.  The  EMU  shock  accelerometer  is  considered  to  be  compatible  with 
the  DSP  induced  environment  even  though  the  predicted  levels  exceed 
the  design  requirement,  see  Figure  3.8.7.  Piezoelectric  accelerometers 
are  inherently  rugged  devicesand  should  easily  withstand  the 
predicted  level.  Also  loss  of  the  accelerometers  will  not  affect  lUS 
function. 


5.  The  DSP  induced  shock  is  greater  than  the  Computer  and  Diplexer 
design  requirement.  The  qualification  test  levels  are  6db  higherthan 
the  predicted  environments  (Figures  3.2.7  and  3.7.1 1).  Therefore,  the 
computer  and  diplexer  are  compatible  with  the  DSP  12,13  shock. 


6.  All  other  component  analyses  show  the  predicted  DSP  12,13  induced 
shock  to  be  less  than  the  component  design  requirement. 


DSP  induced  shock  is  greater  than  the  lUS  allowable  at  a  point  on  the  lUS  4  inches  p 
from  the  lUS/DSP  interface,  see  Figures  5.4.1  and  5.4.2. 
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5.0  APPENDIX,  DSP  INDUCED  SHOCK  ESTIMATE 

The  DSP  induced  shock  spectra  shown  in  Figure  3.0  were  estimated  as  described 
in  this  section. 

5.1  DSP  Separation  Shock  Test 

A  separation  shock  test  was  conducted  in  1970  using  the  DSP  Qualification 
Spacecraft  (Q-1),  a  Transtage  Adapter  Assembly  and  the  Martin-Marietta  Inter¬ 
stage  Adapter  Assembly  (AC-2).  Twelve  accelerometers  were  located  about  2 
inches  from  the  DSP  separation  nuts  (4  location^, 3  accelerometers  at  each 
location).  A  typical  location  is  shown  in  Figure  5.1.1.  Two  separation 
events  were  performed  by  simultaneously  firing  the  eight  cartridges  in  the 
four  separation  nuts.  The  cartridges  were  loaded  to  120%  of  nominal  charge. 
The  DSP  adapter  did  not  separate  (fall  away)  from  the  DSP  after  the  separa¬ 
tion  nuts  were  fired.  The  shock  spectra  from  the  DSP  adapter  accelerometers 
were  enveloped  and  are  shown  in  Figure  5.1.2. 

Six  accelerometers  were  located  on  the  Transtage  Adapter  Assembly  longerons 
4  inches  from  the  DSP/Transtage  Adapter  interface  (2  locations,  3  accelero¬ 
meters  per  location).  The  DSP  induced  shock  spectra  on  the  Transtage 
longeron  are  shown  in  Figure  5.1.3. 

5.2  Interface  Shock  Estimate 

The  DSP  induced  shock  spectra  required  for  this  analysis  are  the  spectra  for 
^  a  location  on  the  DSP  adapter,  immediately  adjacent  to  the  DSP/IUS  interface 

(refer  to  Ss  defined  in  Section  3.0  and  Figure  5.1.1).  The  required  spectra 
are  not  directly  available  from  the  1970  DSP/Transtage  test.  Therefore,  Ss 
was  estimated  using  the  following  equation. 

Ss  =  (St)(TFpjj.gj 

Ss  =  Shock  spectrum  on  the  DSP  adapter  immediately  adjacent 
to  the  DSP/IUS  interface.  Figure  3.0. 

St  =  Shock  spectrum  measured  on  the  transtage  longeron  during 
the  1970  DSP  separation  shock  test.  Figure  5.1.3. 

TFdscs  “  Transfer  function  between  the  base  of  the  DSCS  bipod 

adapter  and  the  transtage  longeron  determined  from  1981  DSCS 
separation  shock  test,  references  6  and  7. 

The  transfer  function,  TFQ5QC,  is  the  inverse  of  the  attenuation  calculated 
from  measured  shock  spectra  from  the  1981  DSCS  separation  shock  test. 


Reference  6  -  General  Electric  PIR  U-1R44-DSCS-898,  Shock  Data  on  Transtage 
Simulator  (AC-2)  During  DSCS  III/Bipod  Separation  Tests, 

2  March  1981 


Reference  7  -  General  Electric  Letter  CTR-6048;  to  Lt.  L.  Reagan  from  G.H.Hoke; 

subject.  Transmittal  of  DSCS  HI  Qual  Satellite/AC-2  Separation 
Shock  Data,  Contract  FP4701-77-C-0036,  5  April  1982. 
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5.2  Interface  Shock  Estimate  (Cont'd) 

fl_T  _  on  DSCS  (Figure  5,2.2) 

~  ^  Transtage  (Figure  5.2.3) 

Adt  =  Attenuation  between  the  DSCS  Bipod  Foot  and  Transtage 
Longeron,  4  inches  from  the  interface,  Figure  5.2.1. 

TP  ,  in“(-ADT) 

“^DSCS  ^ 

Ss  =  St  (10 

Ss  shown  in  Figure  3.0. 

St  shown  in  Figure  5.1.3 


5.3  Rationale  for  Interface  Shock  Estimate 

The  rationale  for  estimating  the  interface  shock  is  presented  in  the  following 
paragraphs. 

1.  There  is  no  measured  data  immediately  adjacent  to  the  DSP/Transtage 
interface  from  the  1970  test. 

2.  The  validity  of  the  shock  spectra  from  the  DSP  adapter  (Figure 
5.1.2)  is  questionable.  The  data  appears  to  be  in  the  noise 
floor  below  1000  HZ.  A  comparison  of  the  attenuation  spectra 
from  the  DSP/AC-2  test  with  similar  spectra  from  CS3/IUS  and 
DSCS/AC-2  shock  tests  indicate  the  presence  of  noise  in  the  DSP 
adapter  spectra,  see  Figures  5.3.1,  5.3.2,  5.3.3.  Note  the 
similar  shape  of  the  spectra  but  the  DSP  attenuation  values  are 
in  the  order  of  20  db  higher  below  1000  Hz.  Attenuation  values 
of  30  to  40  db  are  not  reasonable  for  this  type  structure. 
Therefore,  the  assumption  that  the  DSP  adapter  spectra  are 
invalid  because  of  noise  is  reasonable. 

3.  The  transfer  function,  TFQ50e,  calculated  from  DSCS  test  data  is 
applicable  to  the  DSP  since  the  AC-2  Transtage  was  used  in  both 
the  DSP  and  DSCS  test. 

4.  The  Transtage  Longeron  shock  spectra  from  the  1970  DSP  test 
appear  to  be  valid  above  100  HZ  (Figure  5.1.3).  The  spectra 
have  the  characteristic  10  db/octave  slope.  Compare  Figures 

5.1.3  and  5.2.3. 

5.  The  DSCS  shock  spectra.  Figures  5.2.2  and  5.2.3,  used  to  calculate 
TFdscs  3PP63'’  to  be  valid  above  100  HZ.  The  DSCS  bipod  foot  is 
about  20  inches  from  the  DSCS  separation  nut  thus  minimizing  the 
low  frequency  noise  problem  which  invalidated  the  DSP  adapter 
data  (Figure  5.1.2). 
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5.4  Comparison  DSP  12,  13  Induced  Shock  with  I  US  Allowable 

Figures  5.4.1  and  5.4.2  compare  the  DSP  12,  13  induced  shock  with  the  IDS 
allowable  shock  at  a  location  on  the  lUS  longeron,  4  inches  from  the  lUS/DSP 
interface.  The  DSP  induced  shock  was  calculated  by  attenuating  the  shock 
on  the  DSP  adapter  by  the  transfer  functions  from  the  CS3/IUS  DTV  test. 

Sdsp  =  Ss  (10  ■  •^) 

SdsP  =  DSP  12,  13  induced  shock  on  IDS  longeron,  4  inches  from 
interface.  Figures  5.4.1  and  5.4.2. 

Ss  =  DSP  12,  13  induced  shock  on  the  DSP  adapter.  Figure  3.0. 

Al*  =  Attenuation  across  CS3/IUS  joint, 

*  =  A,  R  or  T.  Figure  3.1.3. 
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OAxial  »envelope  of  accelerometers  12,  16,  18,  21  •(HDSP12A)  '  - 
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APPENDIX  E 

REVISED  SHOCK  ENVIRONMENT  ASE/ORBITER 


IRN  286  to  ICD  2-19001  revised  the  shock  environments  at  the 
ASE/Orbiter  interface.  The  effect  of  the  revision  on  ASE/Orbiter 
compatibility  was  evaluated  and  documented  in  Attachment  B  to  Boeing 
memo  2-361 2-IUS-087/88,  Attachment  B  is  presented  in  this  appendix. 
Attachments  A  and  C  to  2-361 2-IUS-087/88  are  contained  in  D290-75303- 
1,  Volume  3. 
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SUBJECT:  Vibration  and  Shock  Environment  Evaluation, 

IRN  2S6  to  ICD  2-19001 

REFERENCE: 

System  Integration  Problem  N— 39,  title,  N-39  IRN  2S6  to  ICD 
2—19001  Evaluation,  dated  25  March  19SS. 


INTRCDUCTION 

IRN2S6  to  ICD  2-19001  defines  revised  vibration  and  shock  en¬ 
vironments  between  ASE  and  the  Orbiter.  This  memo  contains 
an  evaluation  of  the  ASE  component  compatibility  with  the  re¬ 
vised  environments-  The  evaluation  was  conducted  to  resolve 
the  reference  system  integration  problem. 

SUMMARY 

■T-h-e - evaluation  ahowg  that  the  ASE  components  are - eompatible 

w i t h — the ’Ari brat i on — en vi r onments — def i Tied — by  IRN2S6 ,  Attathmen t 
- 


Attachment  B  shows  that  the  ASE  components  are  comptible  with 
the  shock  environment  defined  by  IRN286,  and  the  ASE  induced 
pyrotechnic  shock  is  within  the  Orbiter  allowable- 
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ATTACHMENT  B 


2-3&12-IUS-087/e8 


IRN  286 

PYROTECHNIC  SHOCK  EVALUATION 
15  APRIL  1988 
by  Clark  Beck 
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SCOPE/PURPOSE 


shock , 
spec— 


IRN  286  adds  paragraph  4.1.9  entitled  pyrotechnic 
Figure  1  presents  paragraph  4.1.9  and  associated  shock 
tra.  The  purpose  ot  this  evaluation  is  two-fold: 

1-  to  determine  if  the  ASE  induced  pyrotechnic  shock 
is  within  the  shock  envelope  defined  in  figure 
4.1.9.  1-1  of  IRh4  2S6; 

2-  to  determine  if  ASE  components  are  compatible  with 
the  shock  environment  defined  in  figure  4- 1.9. 1-2  of 
IRN  286, 

ASE  INDUCED  SHOCK 

Three  pyrotechnic  events  can  occur  on  the  ASE-  These  events 
are  pin  puller  operation.  Super  Zip  operation  and  pin  pusher 
operation.  Measurements  have  been  made  on  the  ASE  to  record 
the  pyroshock  events.  The  shock  spectra  resulting  from  these 
measurements  are  shown  in  figure  2-  The  shock  spectra  shown 
in  figure  2  have  been  attenuated  to  determine  the  environment 
at  the  ASE/Grbiter  interface-  The  IRN  286  payload  induced 
allowable  is  also  shown  on  figure  2.  Figure  2  shows  that  the 
ASE  induced  shock  is  within  the  allowable  specified  by  IRN 
2S6. 

ASE  COMPONENT  CAPABILITY 

The  nominal  acceptance  shock  level  for  ASE  components  is 
shown  in  figure  3.  The  Orbiter  induced  allowable  shock  de¬ 
fined  in  IRN  286  is  also  shown  in  figure  3-  Figure  3  shows 
that  the  ASE  components  are  compatiblle  with  the  Orbiter  in¬ 
duced  shock. 

CONCLUSIONS 

The  pyrotechnic  shock  induced  by  the  ASE  at  the  Orbiter/ASE 
interface  is  less  than  the  Orbiter  allowable, 

ASE  components  are  compatible  with  the  Orbiter  induced  shock- 
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F\GURE  Z 

A5E  INDUCED  P^’ROTE.CHNIC  5KXK. 
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IRN  286  PPYLDfiD  INDUCED  PLLOWABLE 


PSE  INDUCED  SHOCK  PT 
PSE/ORBITER  INTERFACE 
DUE  TO  PIN  PULLER,  PIN 
PUSHER  PND  SUPER  ZIP. 
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FIGURE  3 

ASE  COMPOMEr\rr5  COMPAiTIBLE 
iXilTH  IRM  ZEG  OREITER.  AUDWABLE 
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